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IMPORTANCE OF WHEAT IN THE FAR WEST. 


In the agricultural development of the dry lands of the far West, 
_ wheat has been the pioneer crop. For this there are several reasons. 
In sections of high altitude or cool climate, where the winters are not 
too severe, winter wheat usually will produce more pounds of grain 
_ per acre than any other crop, barley being its closest competitor in 
this respect. Wheat is a crop of wide adaptation, and its price is 
subject to less fluctuation from year to year than that of other 
cereals. It always is readily salable, and its value is high in propor- 
tion to its bulk. These facts have made wheat a crop of great value 
to ss new settler, who often must haul his crops long distances to 
Market. 
Wheat is the most important farm crop grown in the far western 
| United States north of the thirty-seventh parallel of latitude, or the 
_ southern boundary of Kansas, Colorado, and Utah. In sections 
” west of the Rocky Mountains where the precipitation is less than 15. 
_ inches, it is the only crop grown commercially to any extent except 
where irrigation is practiced. Even on some of the irrigated lands 
_ wheat is quite extensively grown. In general, however, on the 
drigated lands, wheat has been largely replaced by such crops as 
alfa, clover, and sugar beets. 
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Despite its local importance, the total wheat crop produced in the 
far northwestern United States is not great when compared with the 
production in the Middle Western and North-Central States. Table 
1 shows the average annual production of wheat by 10-year periods 
since 1881 in the States of Idaho, Washington, Oregon, California, 
and Utah. The production of wheat in Nevada is unimportant. No 
statistics are available for Washington, Idaho, and Utah prior to 1882. 

Between 1869 and 1879, from 2,000,000 to 8,000,000 bushels of 
wheat were produced annually in Oregon. In California the annual” 
production of wheat between 1869 and 1879 ranged from 14,000,000 — 
to 40,000,000 bushels. The marked decrease in wheat production 
in California during the last two decades no doubt can be attributed 
largely to the fact that farmers have found barley more profitable in 
certain sections of that State where wheat at one time was practicall 
the only crop produced. On the dry lands in the eastern portions o 
Oregon and Washington the production of wheat has increased greatly 
during the last 20 years, although the increase in total production in 
Oregon has been comparatively slight because wheat has been 
largely replaced by other crops in the longer settled and more humid 
Willamette Valley. Nearly all of the wheat produced in Washington 
is grown in the eastern half of the State. 


TaBLE 1.—Average annual production of wheat in the States of Idaho, Washington, 
Oregon, California, and Utah by 10-year periods from 1881 to 1920. 


: Wheat production (bushels). 
Period. 2109 8 eS ae ee ee == 
Idaho. | Washington.| Oregon. California. Utah. 
| | arse = 
| 
ISSIR OW B90 3 eS ee oS ...| 21,093,000 | 26,332, 000 13, 555, 000 37, 651, 000 2 1,783, 000 
IROUtOMOON>.- So ee 4,326,000 | 16,115,000} 12,948,000 | 32,818,000 2,997,000 
LOO LRT OM ONO = eee eee ee 8,940,000 | 29, 150, 000 14, 996, 000 20, 079, 000 4, 826,000 
LOM COMO 20 Ce tee a. ea. oe Sees 16, 836, 090 | 42, 213, 000 18, 081, 000 | 2, 902, 000 6,106,000 — 
| } 


1 Annual figures of wheat production for 1881 are not available for Idaho, Washington, and Utah. 
2 Nine-year average, 1882 to 1890. 

Farm practice is usually the outgrowth of necessity. In the States — 
of Washington, Oregon, Idaho, and Utah climatic conditions are 
such that successful wheat production on dry lands is based on alter- 
nate years of crop and of clean fallow. In the development of the — 
summer-fallow system in these States, many different methods of 
cultivating the land have been advocated. Tillage methods prac- — 
ticed by farmers are many and diverse. ; 

In 1904 experiments to determine the effect of different tillage — 
methods on the yield of wheat were begun at Nephi, Utah, in the 
Great Basin area. These experiments have been conducted coopera- 
tively by the Utah Agricultural Experiment Station and the United 
States Department of Agriculture since 1908. Similar experiments 
were begun at Moro, Oreg., in the Columbia Basin, in 1911, and at | 
Lind, Wash., also in the Columbia Basin, in 1916, by the agricultural ~ 
experiment stations of these States in cooperation with the United 
— States Department of Agriculture. The. location of these stations | 
is shown in Figure 1. A wide range of crop experiments is conducted 
at these stations, but in this bulletin only the results of the tillage 
experiments and those on the rate, date, and depth of sowing wheat 
grown after fallow will be presented. Diagrams showing the platting — 
of the stations at Moro, Oreg., and Lind, Wash., are presented in 
Figures 2 and 3. ) 
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Figure 4 shows the buildings and the general topography of the 
surrounding country at the Sherman County Branch Station at 
Mong, Oreg., while Figure 5 shows the plats in the tillage and rotation 
series. Figure 6 presents a general view of the Adams Branch 9 
Station at Lind, Wash., with the station buildings in the background. | 
The rolling topography of this section is well shown in this illustration. 
Some of the winter-wheat plats at the station are shown in Figure 7, ¥ 
which also illustrates the plan of seeding roadways to prevent soil § 
blowing. Figure 8 shows winter wheat at the Nephi Substation, 
Nephi, Utah, while Figure 9 shows the condition in which fall-plowed 
land is left over winter on this station farm. ; 


Fia. 4.—Buildings at the Sherman County Branch Station at Moro, Oreg., as they appeared in July, 
1922. At left center, barn for stock and hay; at center, office and laboratory; at right center, superin- 
tendent’s house. The buildings at the extreme right arein thetown of Moro. The rolling topography ~ 
of the surrounding country is shown. Fs 


SOILS. 


The altitude of the station at Moro, Oreg., is approximately 1,800 
feet. The soil is a silt loam, classified by the United States Bureau of © 
Soils as Yakima silt loam. It is rather light in texture, but the per- 
centage of sand is not so high that there is any trouble from the 
soil drifting with the wind, as do some other soils in this section. 
It is representative of large areas in the Columbia Basin of Oregon. § 

The average moisture content of the soil to a depth of 6 feet at the § 

‘ Moro Station after a season of fallow rarely exceeds 14 per cent. 
A winter-wheat crop usually reduces this moisture content to about 
5 per cent in the upper 6 feet. The soil is underlain with basalt, the 
depth from the surface to this basalt varying from 2 to 7 feet. The 
productivity of the soil is considerably influenced by its depth, the — 
shallow soils being less productive than the deep soils, because of their | 
inability to store sufficient moisture. 

The soils at the Lind Station are basaltic in origin and have been 
more or less modified by wind. The soil, a very fine sandy loam of — 
the Ritzville series, is considerably lighter than that.at Moro and is 
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more subject to drifting or blowing by the wind. The soil depth 
varies from 10 to 50 feet, and the texture is remarkably uniform 
throughout the entire depth. The topography, like that at Moro, 
is rolling, the entire dry-farming area of the Columbia River Basin 
being a plateau cut by dry canyons or coulees. The altitude of the 
station at Lind is 1,600 feet. 

During the years that the experiments herein reported were con- 
ducted the moisture at Lind has been far below normal and has not 
been sufficient to penetrate the soil to a greater depth than 4 feet or 
to raise the moisture content above 10 per cent, even after a season of 
fallow. The moisture content after growing a crop of winter wheat 
is about 3.S per cent in the upper 4 feet of soil. 


s 


Fic. 5.—Some of the experimental plats at the Sherman County Branch Station, Moro, Oreg. 


The altitude of the Nephi Substation is approximately 5,300 feet. 
The soil is a rather heavy clay loam derived from the weathering of 
adjacent mountain ranges. Below the third foot the percentage of 
silt and sand increases, and at about the seventh foot there is a stra- 
tum of heavy blue clay of rather high moisture content. The aver- 
age moisture content of the first 6 feet is usually about 20 per cent 
in the spring after being fallowed during the previous summer. 
A winter-wheat crop usually reduces the moisture content of this 
layer of soil to about 9 per cent. 


CLIMATIC DATA. 


PRECIPITATION. 


Of the climatic factors influencing crop production the precipi- 
tation and its distribution throughout the year are the most important 
in the dry-farmed areas of the far West. High yields of wheat 
usually are associated with years of heavy rainfall during the growing 
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season, or the months of April, May, and June. Table 2 shows the 
precipitation by months and the total annual precipitation at Moro, 
Lind, and Nephi. The records at Moro are for the years 1905 to 
1920, inclusive; at Lind, for the years 1916 to 1920, inclusive; and 
at Nephi for the years 1898 to 1920, inclusive. In this connection 
it should be borne in mind that the precipitation at Lind during 
this period is much below normal. In the 9-year period from 1897 
to 1906, inclusive, the average precipitation at Lind was 11.8 inches 
as compared with 7.22 inches in the period of these experiments. 


Fic. 6.—The Adams Branch Station at Lind, Adams County, Wash., as it appeared in 1920. Note 
the rolling topography of the country. 


TABLE 2.—Average monthly and annual precipitation, at Moro, Oreg., Lind, Wash., 
and Nephi, Utah, for the years stated. 


2 


Average precipitation Average precipitation 
(inches). (inches). 

Month. Moro, | Lind, | Nephi, Month. Moro, | Lind, | Nephi, 

Oreg., | Wash.,| Utah, Oreg., | Wash., | Utah, 

1995 to 1916 to’ 1898 to 1905 to 1916 to | 1898 to 

1920. 1920. 1920. 1920. 1920. 1920. 
VATATYS so San ee 1.58 0.74 P51 Aesth. = sees ene See 0. 26 0.30 | 0. 92 
February. -... 1. 03 67 1.24 || September... ....---._..- .88 5275) 1. 01 
Weare hese == 408 ye x 8 oe - 82 57 1..614)|- October. © See 2 oe .79 ~35 1, 24 
eT, SAK to es ek Ty ee . 68 97 1.34" November.® vee Je 15D 1. 02 89 
IMityee 327: 48 Saw 1. 10 87 1.70) 1? December: sae see =- 1. 64 95 98 

1) C02) Se ee ee ee 78 29 57 

iti hy 3 a ene Sea 21 22 6S Totariee ti -2 53s? 11. 52 7.22 | 13.33 


During the period of the experiments Nephi had the highest annual 
precipitation and Lind the lowest. More of the precipitation at 
Nephi was in the form of snow, although there was always some 
snow at Moro and at Lind. In case of a sudden thaw with frozen 
soil, a part of the winter precipitation at Moro and Lind sometimes 
is lost as run-off on account of the rolling topography of the land. 


. 
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The average rainfall for April, May, and June at Lind was 2.13 
inches, or 29.5 per cent of the annual precipitation. At Moro the 


~ 


average rainfall for these three months was 2.6 inches, or 22.5 per 


cent of the annual precipitation. At Nephi the average rainfall for | 


these months was 3.61 inches, or 27.1 per cent of the annual pre- 
cipitation. 
EVAPORATION. 


At Nephi and at Moro a record of the evaporation from a free water 
surface was kept. No record was kept at Lind, but records else- 
where indicate evaporation to be at least equal to if not greater 


Fic. 7.—A portion of the Adams Branch Station at Lind, Wash., showing winter-wheat plats and 
the method of seeding roadways to prevent soil blowing. 


than that at Moro. At Nephi this record was kept since 1908 and 
at Moro since 1911. Table 3 shows the average evaporation from a 
free water surface at each of the two stations. 


TaBLe 3.—Average monthly evaporation from a free water surface in the seven months 
from April to October, inclusive, at Moro, Oreg..and Nephi, Utah, for the years stated. 


Average evapora- Average evapora- 
tion (inches). tion (inches). 
Month. 
Month. Moro, Nephi, Moro, Nephi, 
Oreg., Utah, Oreg., Utah, 
1911 to 1908 to 1911 to 1908 to 
1920. 1920. 1920. 1920. 
Se Se ee 4. 65 4-719 .\\, Septemiber - 255 2-6 --.---=- =. 4.63 6. 330 
iS. ee eee 6. 57 Ba sion| POCtOber: 221 236s Ae ee 2. 81 3. 403 
LETS 632 ee eee 8.16 8. 934 ——$—————SS 
enema eee A BL, Pe 9.71 9. 662 Pore S35. gee oe ee 44.88 48. 373 
oJ LETS oe ee ee 8.35 


9. 050 
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TEMPERATURE. 


Table 4 shows the mean monthly temperatures at Moro for a 
10-year period and at Nephi for a 13-year period. At Nephi tem- 
peratures are recorded only from April 1 to November 1 of each 
year. Temperature records at Lind are not available for the entire 
period of these experiments, but temperatures for a former period, 
taken from United States Weather Bureau records kept in the 
same form, are given. | 


Fic. 8.—Plats of winter wheat at the Nephi Substation, Nephi, Utah. The station lies on a trans- 
verse ridge in a narrow valley between two ranges of mountains. 


TABLE 4.—Average mean temperatures, by months, at Moro, Oreg., Lind, Wash., and 
Nephi, Utah. 


Average mean tem- ! Average mean tem- 
peratures (°F.). | peratures (°F.). 
—— —_ of hs al =e | | | 
Month | Moro, Nephi, Month. Moro, | Nephi, 
| Oreg., | Lind, | Utah, Oreg., | Lind, | Utah, 
1911 to Wash.!) 1908 to || 1911 to, Wash.) 1908 to 
1920. | 1920. || 1920. | 1920. 
aed Ps, FS APE Pte! Ss | 
AGT en ees0s2 SOra eater quliy®. 22: See ee eee | 68.1 73.7 71. 4 
Hebruaryee sen. - cosas woos, BYE: | [See PeAtcusts nape Be Se | 67.5 13. 70. 2 
Mar Che seeee sees 0 Sse i 741.2 a Ol ee ae September - sess. 2 54.9 62.3 60. 9 
TAU eet Seen ae eee eeee 47.1 50. 9 | A574 || 5Octoberteerec se o- eee 48. 4 51.7 47.3 
1B a ek ee 2 rn a Ae 52.8 58. 5 | 53.6 || sNovember.z .22-.-2 225.2 | 88250) 392.67) Sasa 
ANDES Ee pe 3.) ae 61.5 65.3 6327. || Decempery = hee ase Vamos 30/64) soe see 


1 Compiled from records of the United States Weather Bureau covering an earlier period than is given 
for the other stations. Summary of the climatological data of the United States by sections. Reprint 
of section 20, eastern Washington. 
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The average frost-free period at each station 1s shown in Table 5. 
Frosts in the late spring or early autumn rarely damage the wheat 


crop at these stations, though severe winter temperatures may i 
sometimes cause winterkilling of fall-sown grain. During the period : 
for which data are available the latest spring frost recorded at Lind f 
was on June 8, in 1901, and the earliest autumn frost on September 4 
27, in 1901. The latest frost in the spring recorded at Moro was on , 
June 1, in 1917; the earliest autumn frost on September 3, in 1912. 4 
The latest spring frost at Nephi was on June 22, in 1916, and the 

_ earliest autumn frost on September 4, in 1912. b 
| 

| 


——— 


Se es ee 


Fic. 9.—Fall-plowed land at the Nephi Substation in 1909, to be left rough during the winter in order 
to catch rain and snow. | 


y)- 


a 5.—Frost-free period at Moro, Oreg., Lind, Wash., and Nephi, Utah, for the years 


| 
specified. 
= Lind, || a Moro Nephi | Moro, Nephi 
Year. Wash! Year. Oreg. Utah. ! os Oreg. Utah.’ 
i| -— 7 5 


Days. Days. 
144 | 


Average... OEM LESS] as 32 MT OL hee eee See hoe td | eee Le ee ae 145 | 111 


1 United States Weather Bureau data. 
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TILLAGE EXPERIMENTS. 


TREATMENT OF LAND BEFORE PLOWING. 


All the land at the stations at Moro and Lind was in crop at the 
time these stations were established. No experiments, therefore, 
have been conducted at either station on the best methods of pre- 
paring sod ground for wheat. At Nephi the station was located on 
virgin land. 

After removing a grain crop the farmer may do one of several. 
things to his fields. He may (1) disk the stubble land in the fall, 
(2) burn the stubble in the fall or spring, (3) plow the land in the fal}, 
(4) leave the stubble standing during the winter and disk the land in 
the spring, or (5) leave the land uncultivated until it is plowed in the 
spring. ach of these practices is followed by farmers in Oregon, 
Washington, Idaho,-and Utah. Plowing for fallow usually is done 
in the spring by most farmers in these States. 


FALL DISKING. 


Experiments have been conducted at each of the three stations to 
determine the value of fall disking when the land is to be spring plowed. 
These results are summarized in Table 6 and are shown graphically 
in Figure 10. The acre yields reported in this table are based-on 
yields of single tenth-acre plats at each of the three stations. 


+ a 
TABLE 6.—Annual and average yields of Turkey winter wheat on land disked in the fall 
and plowed early in the following spring for fallow and on land plowed in the spring 
but not disked in the fall, at Moro, Oreg., Lind, Wash., and Nephi, Utah, in varying 
periods from 1913 to 1921. 


Yield per acre (bushe!s). 


Station and treatment. | | 
1913 | 1914 | 1915 1916 | 1917 | 1918 | 1919 | 1920 | 1921 4 
mean 
Moro, Oreg.: | 
: Se Disked inthe fall... 3-1 7). eet | 23.0 | 25.6 | 23.6.7 34.3 | 21.2 | 17.3 | 38.3} 25.0 | 36.5] 27.2 
Not disked in the fall............... | 25.1 | 26.9 | 26.3 | 41.3 | 25.0 | 22.3 | 38.5] 29.7] 31.3] 29.6 
Lind, Wash.: 
Wisked in theta 2.) beeen RE eerie eins Sor 5.6 | 12.2] 83/123] 9.6 
Not disked in the fall. ..........---.|-.---- fe ke Reeceel Rez. Sas 6.2|12.3| 98] 15.7} 11.0 
Nephi, Utah: 
Disked in the fall ->..-. 42.48). the ieee 16.0 | 24.7 | 11.2 | 17.3 | 28.0 | 36.9| 223 
Not disked in the fall. .........----.|------ FESS (ere ae | 18.3.) 31.8 14.5 | 23.7 | 27.5 | 38.4 |e 


| 


Advantages claimed for fall disking are: (1) It kills weeds that may 
take out moisture after harvest, (2) it permits better penetration of 
the autumn and winter precipitation by mellowing the surface soil, 
(3) it covers weed seeds and shattered grain so that they germinate 
more quickly, (4) it prevents run-off in the early spring, and (5) it 
hastens the decay of the stubble and other vegetation. 

Experiments at the three stations have proved that these advan- 
tages are apparent rather than real. Table 6 shows that fall disking 
actually reduced yields at Moro, Nepbi, and Lind. Double disking 
ordinarily will not kill Russian thistle, one of the troublesome weeds 
which grows on wheat land after harvest. The moisture determina- 
tions at these stations also have shown that disking the stubble land 
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| Fic. 10.—Annual and average acre yields, in bushels, of winter wheat in varying numbers of years at Moro, 
; Oreg., Nephi, Utah, and Lind, Wash., when grown after summer fallow for which the ground had been 
plowed i in early spring with the stubble disked or not disked in the previous fall. 
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in the fall does not aid in better absorption of the autumn and winter 
precipitation. It more frequently deters moisture penetration by 
creating a mulch which holds the moisture near the surface and 
thereby hastens its escape by evaporation. This js especially true 
if the disking is done when the ground is dry. The standing stubble 
during the winter is no doubt a factor in increasing soil moisture, as 


IG6-3 LA = IGIS SHE FAT FT AIHE. AGIO AIZO ee 


I7OP?O, OAEG 


AVERAGE a -- Fee Je 
Oli pes 7 Ve 


SPAING DO/SAED ——————— 
NOT DISKED -------- 
Fia. 11.—Annual and average acre yields, in bushels, of winter wheat in varying numbers of years at Moro, 


Oreg., and Lind, Wash., when grown after summer fallow for which the ground had been plowed in early 
spring with the stubble disked or not disked in early spring before plowing. 


it helps to hold the snow where it falls and prevents drifting to a 
considerable extent. 

As is shown later, spring disking of the stubble generally proved 
beneficial if the plowing was done very late in the spring. Fall disk- 
ing, however, is not a satisfactory substitute for spring disking. 
because weeds and volunteer grain normally do not get started 
early enough in the autumn to be destroyed by fall disking. A good 
double disking in the spring ordinarily will kill all plant growth, 
which is the chief value of disking. 
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SPRING DISKING. 


Experiments to determine the value of disking in the spring prior 
to plowing also were conducted at Moro and Lind. The results 
obtained from these experiments are presented in Table 7 and are 
shown graphically in Figures 11, 12, and 13. It will be noted from 
this table that spring disking has significantly increased wheat yields 
~ at Moro when the plowing was done as late as June 1. With plowing 
done in April and early in May there seems to be no advantage in 


spring disking. 


Taste 7.—Annual and average yields of Turkey winter wheat on land disked and not 
disked before plowing at different times in the spring at Moro, Oreg., from 1913 to 1921, 
_ end at Lind, Wash., from 1918 to 1921. 


Yield per acre (bushels). 


a... »S 
Seth: 0 etter eer tent EF TRA eee inated apn 
- j ‘ ia ‘ 7 Lo 
ney ' P 


Station, date of plowing, and treatment |—_——________ 
before plowing. | Aver- 
1913 | 1914 | 1915 | 1916 | 1917 | 1918 | 1919 | 1920 | 1921 


age 
MORO, OREG. 
Plowed early in April: 
oS a ae eee eee 25.1 | 26.9 | 26.3-| 41.3 25.0 | 22.3 | 38.5 | 29.7 | 3L3 | 29.6 
L. To TET SS ee oe os ee 30.0 | 32.0 | 26.4 | 45.7 | 25.7 | 23.5 | 39.7 | 32.8 | 31.7 | 31.9 
Plowed early in May: 
UE ee ee ee 18.5 | 27.8 | 27.5 | 35.1 | 22.3 | 19.2 | 35.3 | 25.3 | 36.7 | 27.5 
1. ALIS Se See eee 19.0 | 27.0 | 24.7 | 38.0 | 24.7 | 24.7 | 30.0 | 31.0 | 29.8} 27.7 
Plowed early in June: 
SEE 2 8 SE ee ae en 23.0 | 27.7 | 23.9 | 34.3 | 23:1 | 20.3 | 32.3 | 29.0 | 32.5-| 27.3 
1 TLDS 2. es 7.3 | 21.6 | 20.5 | 34.8 | 24.7 | 26.0 | 19.5 | 26.5 | 25 22.9 
| } 
LIND, WASH. 
Plowed early in March: . 
2 p44 72S =: See oe eee pee eee ee 6.1} 412) 37-133.) ~9-8 
oO: (DEE i 2: se: ee ee ees eel eee ae eee Ce seen Pee 0:2°) 125) |*-9.84 15. 7 11.0 
Plowed in mid-April: 
TREGL is io LS ee OS ee ee eee 529) |) 12: 0] ¥&14°15.0 10.2 
“OT? LEP. 2 ee ae ee es Ee ee ees ae ee 6.0 | 140]. 9.2 | 16.3 11.4 
Plowed early in June: 
masked twice (Mar. £and Apr. 10). |. 2... -|...=..|-...-.|-.2.<- kag ae 5.9. | 1493 |. 9.2) 1327 ja 10.8 
2 DEL TEE) (TTS! aps aS eae Ea es ees ee ea eee 5.8 | 13:3 1. 820,320 atone 
3.3 | 11.3] 5.0 | 12.3 8.5 


a a Ee ee eee SS Ee |---2=-|---2--].-2---]------ 


BURNING STUBBLE. 


In certain sections of heavy rainfall in the eastern parts of Oregon 
and Washington, the practice of burning the stubble before plowing 
is quite generally followed by farmers. The stubble usually is 
_ burned in the early spring, though some farmers burn it late in the 
fall. When wheat is harvested with the combined harvester, as is 
the custom in eastern Oregon and eastern Washington, a large part 
of the crop growth is left on the land in the form of stubble. Most 
of the straw which goes through the machine also is left in the field 
in windrows or piles, to be burned or plowed under. Frequently 
_ the stubble and straw are so heavy that much difficulty is experi- 
enced in cultivating fallow after they are turned under. 
Sufficient experimental data are not available to determine the 
actual effect on the yield of wheat of burning the stubble. The 
only experimental data yet available are from results obtained at 
the Nephi Substation, where this experiment has been in progress 
during the six years from 1916 to 1921, inclusive. 
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Because of the comparatively short period for which data are 
available, no conclusions can be safely drawn from the results shown 
in Table 8. Of the five methods included in this experiment burning 
all of the straw produced slightly the highest average yields in the 
6-year period. ! 

The deficiency of humus in the dry-farm soils of the Columbia 
River and Great Basin regions suggests the advisability of turning 
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Fig. 12.—Annual and average acre yields, in bushels, of winter wheat in varying numbers of years at Moro, 
Oreg., and Lind, Wash., when grown after summer fallow for which the ground had been plowed in late 
spring with the stubble disked or not disked in early spring before plowing. 


* 


under the stubble and straw in preference to burning them. Stubble 
and straw decay very slowly in these soils, however, and when turned 
under in too large quantities occasionally may produce an unfavorable 
soil condition by inducing excessive drying or by producing an 
incorrect balance between the nitrates and moisture supply, thereby 
causing a rank growth of straw, which may induce drought injury 
and reduce grain yields. 
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- TasLe 8.—Annual and average yields of Turkey winter wheat on ordinary fail-plowed 
fallow and on fallow with stubble variously treated, at Nephi, Utah, during the 6-year 
period from 1916 to 1921, inclusive. 


Yield per acre (bushels). 


Treatment. | 
1916 | 1917 | 1918 | 1919 | 1920 | 19a | “yer 
| } i se i 
Ordinary treatment, fall plowed............-. | - 200] 2i6| 17.4] 21.9; 255] 38.9 94.5 
mstraw plowed under.........-.-.-.---..--- Pe 222 20. 2 20:7). 28.7 39. 2 23. 8 
i Allstraw burned on plat.............-.-.-..- | 12.6 | 24.4 | 20. 5 21 FU... 29:0 40. 8 | 24. & 
_ Grain headed high: | | | 
Stubble plowed under....... h, Seah et oe ets Zoy00|), 18.2 23. 4 27.6 40.9 | 24.4 
Suc oie: Ge ee | 10.9 | 26. 1 | ilgeal 25.3 26.1 42.7 | 24.7 


a AVERAGE Saws i. 
ai == Fae 
Wi 


SPRING DISHED 
NOT DISKED ae es ae ee 
_ Fic. 13.—Annual and a grt acre yields, in bushels, of winter wheat in varying numbers of years at Moro, 
Oreg., and Lind, Wash., when grown after summer fallow for which the ground had been plowed in early 
summer with the stubble disked or not disked in early spring before plowing. 
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PLOWING. 


Of all tillage operations plowing is considered the most important 
and necessary. Very little experimental work has been done in | 
attempting to find out whether any other cultural operation, such 
as aidaae will take the place of plowing. For very light soils, a 
disking sufficiently thorough to keep the ground free from weeds 
occasionally may take the place of plowing, but no implement yet 
invented is as valuable as the plow for killing weeds and preparing 
an ideal seed bed. 

Of the controllable factors influencing yields of winter wheat, the 
time of plowing has been found to be one of the most important. 
Time of plowing also is of much importance to the dry farmer in 
the distribution of labor. Plowing for summer fallow may be 
done in the fall at any time after harvest until the ground freezes 
or at any time in the spring after the soil is dry enough. In many 
sections of eastern Oregon and Washington the harvesting of wheat 
is completed by August 15, while the ground does not often freeze 
before December 1. This allows a considerable period for fall 
plowing, both before and after the time for sowing winter wheat. 
Spring plowing, however, is generally practiced by farmers in the 
Columbia River and Great Basin areas. 

Experiments to determine the best time to plow as well as the best 
manner of plowing were carried on at each of the three stations, 
and the results are presented in this bulletin. Bey 


PLAN OF THE EXPERIMENTS AT MORO. 


In the experiments to determine the best date for spring plowing 
at Moro 60 tenth-acre plats were used, 30 being in crop and 30 in 
fallow each year. Of these plats 2 out of every 10 were check plats. 
One series of 10 plats was plowed on April 1, one on May 1, and one 
on June 1, except that the check plats in each series were plowed on 
April 1. Different methods of cultivating the summer fallow were 
employed on each of the plats in a series, except that all check 
plats were treated alike. 

For the fall-plowing experiments, 40 tenth-acre plats were used, 
20 being in crop and 20 left fallow each year. Eight plats were 
plowed early in the fall, when the ground was dry, 4 with a disk 
plow and 4 with a moldboard plow. Eight plats were plowed late 
in the fall, when the ground was wet, 4 with a disk and 4 with a 
moldboard plow. Beginning in the fall of 1919 all fall plowing was 
done with a moldboard plow. Two plats out of every 10 were 
check plats uniformly cultivated. During the first 5 years these 
were plowed late in the fall with a moldboard plow, but since then 
they have been plowed on April 1 with a moldboard plow, so as 
to have them uniform with the check plats in the experiments to 
determine the best date to plow in the spring. 

In all the date-of-plowing experiments Turkey winter wheat was 
used. The depth of plowing was from 7 to 8 inches in both spring 
and fall plowing. 

Depth-of-plowing experiments also have been conducted at Moro 
since 1912. In these experiments 40 tenth-acre plats were used, 20 
being cropped and 20 left fallow each year. One series of 10 plats was 
plowed from 8 to 10 inches deep and one series from 4 to 5 inches 


WHEAT PRODUCTION ON DRY LANDS. 19 


deep each year. Pacific Bluestem spring wheat was used until 1917: 
in 1918 and 1919 Baart spring wheat was used; and in 1920 and 1921 
Turkey winter wheat was used. In each series two check plats 
_ were plowed 8 to 10 inches deep, uniformly cultivated, and cropped to 
_ spring wheat from 1912 to 1919, inclusive, and to winter wheat in 
1920 and 1921. 

The plats of the tillage experiments were arranged in series of 10, 
with the third and eighth plats in each series used as uniformly cul- 
_ tivated check plats. The dimensions of the plats were 2 rods by 8 
- rods. Each series or block was surrounded by a road 16 feet wide, 
and the plats were divided by alleys 5 feet wide. In the spring- 
plowing experiments the check plats were all plowed in April and 
given uniform cultural treatment thereafter. In the fall-plowing 

experiments the check plats were plowed late in the fall during the 
first five years, but during the past three years they were plowed in 
the spring to make them uniform with the other check plats. 


YIELDS OF CHECK PLATS AT MORO. 


The average yields of the check plats in the date-of-plowing experi- 
ments at Moro are shown in Table 9. The yields from the check 
plats are average yields of two plats in each year. Average yields 
are shown in the table for the entire 9-year period from 1913 to 1921, 
- inclusive; for the years 1914 to 1921, inclusive; and for 1919 to 1921, 
inclusive. The yields of the check plats will be taken into considera- 
_ tion in interpreting the results obtained in the tillage experiments 
at Moro. 


_ Tasie 9.—Average yields of Turkey winter wheat on the uniformly cultivated check plats 
in the tillage experiments at Moro, Oreg., by periods in all or part of the 9-year period 
from.1913 to 1921, inclusive. 


Average yield per acre 
bushels). 


Series. | 
| 1913 to 1914 to 1919 to 
1921, 1921. 1921, 
SE: Se ee ee ee eee a ee 30.6 31.2 35. 1 
Ly. . 0 SESS ie ee ee ee eee 30. 9 31.9 | 36.3 
EH ee ee See ee ee 29.0 29.5 35.6 
eeetarty fall plowing (dry) ..........-...---.----- Zo PSR eee eee ae a e a 


ee ey ey a Seay Pee 


DATE-OF-PLOWING EXPERIMENTS. 


RESULTS AT MORO, 


The yields obtained in the date-of-plowing experiments in the 
years 1913 to 1921, inclusive, are shown in Table 10 for various 
methods of cultivating the summer fallow. For the spring plowing 
| the yields are from single tenth-acre plats. In the fall-plowing ex- 
» periments the yields are averages of duplicate tenth-acre plats for 
each year. For each date of plowing eight tenth-acre plats were 
used in addition to the check plats. Results are available in the 
spring-plowing experiments for the nine years from 1913 to 1921, 
‘Inclusive, a in the fall-plowing experiments for the eight years 
from 1914 to 1921, inclusive. Data from these experiments are 
shown graphically in Figures 14 and 15. 
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LARLY SPRING PLOWING 
LATE SPAING FLOWING = ——————— 
LARLY SOMMER PLOMING = —.—-—-—-—- 


Fic. 14.—Annual and aveete acre yields, in bushels, of winter wheat in varying numbers of years at Moro, 
Oreg., Lind, Wash., Nephi, Utah, when grown after summer fallow for which the land had been 
plowed in early sprig. inte spring, ee early summer, respectively. 
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AVERAGE 
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FARLY FALL (ORY) PLOWING —---—— 
EASE FALL (WET) PLOWING —-—-—-— 
FAPRLY SPRING PLOW/NG 


Fic. — ee and average acre yields, in bushels, of winter wheat in varying numbers of years at Moro, 
Oreg ind, Wash., when grown after summer fallow for which the land had been plowed early in 
thef fall (¢ ny late in the fall Gey. and early in the spring, respectively. 
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Table 11 summarizes the data given in Table 10 and in addition 
shows the yields of winter wheat obtained in the years from 1914 to 
1919, inclusive, after summer fallow plowed in the fall with a disk 
plow and with a moldboard plow. The use of the disk plow was dis- 
continued after 1919. In Table 11 the annual yields from the fall- 
plowed plats are from four tenth-acre plats each year except for the 
years 1920 and 1921. For these two years the yields are averages of 
eight tenth-acre plats each year. 

The methods of cultivation used on each of the 10 plats in the 
experiments reported in Table 10 were as follows: 


1. Frequent cultivation; disked in both fall and spring before plowing; clean 
summer fallow. 

2. No cultivation of summer fallow after plowing; weeds hoed off before maturity; 

3 and 8. Check plats. Frequent cultivation; disked in the spring before plowing. 
clean fallow. 

4. One harrowing immediately after plowing; no further cultivation; weeds hoed 
off before maturity. 

5. Frequent cultivation; no disking before plowing; clean cultivation of fallow. 

6. Frequent cultivation; same as No. 5 except that the crop was harrowed in spring. 

7. Packed with subsurface packer after plowing and harrowed once only; weeds 
hoed off before maturity. 

9. Packed with subsurface packer and frequently cultivated; clean summer fallow. 

10. Packed with surface packer and frequently cultivated; clean summer fallow. 


TABLE 10.—Annual and average yields of Turkey winter wheat in tillage experiments 
at Moro, Oreg., during the 9-year period from 1913 to 1921, inclusive. 


[Yields of check plats, all of which were plowed on April 1, are not included in the averages.} 


Yields per acre (bushels). 


| Average. 

Method of cultivating i» ee 

fallow. | l 

1913 | 1914 1915 1916 1917 | 1918 | 1919 | 1920 | 1921 | Nine | Eight 
years, | years, 
1913 to | 1914to 
| | 1921. | 1921. 
as > = keris a | 
Plowed April 1 (early | 
spring). 
ihneatmeng Ue ss ess 23.0) 25.6.|. 23:6 | 34.3 |) 21.2 | ° 17-3") -38.3"). 25.0"). 3655)" 2a eee 
matment 2:2 2.c. 23 22.3} 26.0.) 22.1] 33.2 /-24.0] 21.0] 36.2.) 27.0) 27:7). 26. 6:5 ene 
Treatment 3 (check)-.-| 25.1 | 26.9-| 26:3 | 41.3 | 25.0| 22.3} 38.5 | 29:7] 31.3))=29:6-) 55072 
iregdpmtent 4s aaj oe | PH eat 29.3 | 24.8] 39.8 19.8) | 19,5) S82) 2707 | ~ 2bs Sais 27.2 
Treatment 52. .-...5-.- | 30.0] 32.0 | 26.4) 45.7] 25.7) 23.5.) 39.71: 32.8| 3.7 | Sooo 
Mreatment'6. -..:=22-5.5 | 23.7] 30.5 | 27.5] 37.8) 22.0] 20.31 41.2} 35.0) 32.8] 30.1} 30.9 
Meatmient 7.22... 22.08 | 27.2] 310) 95.8). 440) 147 |. 183 1 S604 (3395 |, 257 ee 28.6 
Treatment 8 (check).. -| 26.3] 283) 2759) 4d07 f 2385 1) 21a || AO tolees ena 31.7] 32.3 
Treatment 9. ....-4-.<- Zonk 280 D2|) 28.4 42 Tie 25. te|  22..8:-\- 439-2 S4.5e|) toa al: i 32.2 
Treatment. 105.2... 2-22: | 18.0" 28.07)" 2857 4923") > 2521 27-81. 38.5.4 38.3-] 35.8). 32) Desens 
if | 
Average.......:- 24.3 |-28.9 | 25.9 40. 9 |) 22232. 21.3) | sas.) lod | lope eda 30.0 
j 

Plowed May 1 (late 

spring). | 
Preatmennt Les... 2 ...0s 2 18.5 | 27.8| 27.5} 35.1 Dad 19:25) 35.3) (25238 gab.7|. -2ice | 28.7 
Treatment. 2.2.2... 20.5 | 25.0.) .22.7-4 ° 33.2)]) 23.2). D2 Seek eest|) Cons 25.9 | 26.6 
Treatment 3 (check)..:| 23.6 | 27.41] 27.0 |. 38.2.| 24.3 | 22.0'|- 37.2 | 28.3 | - 35581) 29:3 30. 0 
Treatment 4 19.8] 28:05} 25.15) (36.7 19.0| 23.5] 30.3| 27.7| 26.01 26.2 2708: 
Treatment 5... 1920°|) 27.0) |'224.75|> 38.00 | *24 572) 24TH eS0 Oe Sie Oi QOS se aend 28.7 
Treatment 6 16.0} 26.3] 25.5} 40.2 | 20.3 19-5) 1816.8: olen | 30:3" 26n8 | 28. 2 
Treatment 7 18.3 27.7.| 25:5.) 35.8 | ~10:3:]) 24:1 )\ "3055 | 3253"), 28:8.) > 25200 ees 
Treatment 8 (check)...| 21.8} 28.2] 30.0| 46.3} 25.4) 23.5] 42.5] 38.5] 36.0) 32.5 33. 8 
Hreatment 9.2. = eto 17..7_| 238.4°|- 26:48). 4298 | 2554542420) (S258) ese Sal Seo 28. 4 29.7 
Mreatment 102-2 2s2e22¢ 18.1 | 20.8] 24.6) 48.0) 25.8] 22.7) 30.7] 35.0] 31.8] 28.6 | 29.9 
A Verage 56254) 2 1S3.5F 25:8) 2552) esea | DNA DO45 te S12) es Oven |ets0s Or meen Ly 28.2 

= 1 
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BLE 10. —Annual and average yields of Turkey winter wheat in tillage experiments 
a Moro, Oreg., during the 9-year period from 1913 to 1921, inclusive—Continued. 


_ [Yields ef check plats, all of which were plowed on April 1, are not included in the averages.] 


i Yields per acre (bushels). 


} | { 
| 
Method of cultivating | | | | | 
r fallow. e | | ; | | 
| 
i 


Average. 


1921 | Nine | Fient 
years, | vears, 
1913 to | i914to 


| 1913 | 1914 | 1915 | 1916 | 1917 1918 | 1919 1920 


| 1921. | 1921. 

Plowed June i (early | 

summer). 

| F . | 
Treatment 1........... B.0) 2.7) 23.9 343 1 2.3) 323 29.0 | 32.5 27.3} 27.9 
Treatment 2..._..._._. 7.4|.22.1| 21.5| 36.2) 248] 23.0] 198| 242] 23.0] 224| 243 
@reatment 3 (check)... 23.0) 25.7] 26.5} 32.0| 25.0; 21.2| 35.8, 27.7] 37.5| 283| 2%9 
Treatment 4........._. 7.2| 2.0] 21.3] 36.8] 225) 227] 198] 25.0] 240] 226] 24.5 
patient 5_.........- 7.3| 21.6] 20.5] 348| 247! 26.0] 195) 26.5| 25.2] 229| 249 
SS 10.8| 21.3] 21.5| 36.3] 20.8' 182] 93.0| 26.0| 273| 22.8! 24.3 
"ae 6.5! 185] 2.8) 342) 206; 261) 198) 225| 27.1] 225) 24.4 
“Treatment 8 (cheek. %.0| 27.2| 25.0} 320| 233) 20.3/ 37.8] 37.0| 382| 296] 30.1 
Treatment 9........... 10.5| 19.0) 195} 323| 243) 2.0) 21.3) 23.5) 24.7| 21.7) 231 
Treatment 10........_. ered 18.0} 22.1) 36.2] 243) 195| 193) 26.3] 242) 224) 237 
Average......... 10.6} 21.5| 21.4) 351] 23.1; 22.0| 21.8] 261] 26.0| 231| 26 
| 

_ Plowed in early fall | 

(dry). | | | | | 
Birestment1......... sae | 93.5 | 25.5| 347] 20.0| 183! 30.5) 226| 396]....... 27.6 
' Treatment 3 (check)... 1. ._.. (29) 2400 43.7) 24 244 B82) 38.9) 42.8 on 31.8 
Treatment 4........... toed 27.9) 181] 35.3| 20.7) 180| 288) 0.6) 345 [70000 24.9 
= == | 241 244 429) 213° 213 324 307) B88 | 29. 5 
Si | 24.4) 26 / 368] 2057 17.9) 357) 26) 384 [207 28.1 
Average......... es %.7-| 22.6; 37:6| 20.6! 18.9] 31.9| 27.1] 37.8 ]_.....- 27.5 

| 
ie (ae a a  ) Ma ea) does Pore Dor 
Plowed in late fall | | | | 
ét)- i | | 

atment 1_.......... a 21.2; 23.9| 20.5| 20.6 16.6 31.7, 2.6| 40.6]....... | 26.5 
‘Treatment 3 ay pee 35.0) 21.81 321] 23+ 2.5) 35.3) 29.4| 40.1|_-....- 28.4 
Treatment 4........... eee 19.5] 22.0] 34.6| 182{ 16.6| 328} 25.7] 40.0|......- 6.2 
‘Treatment 5.........- Cae 22.8 24 312) WS 183 319 25.2) B77 |r 26.3 
Treatment 6........... Sees 1.2} 22.5! 28.6| 20.6) 157| 328] 23.7| 387 |....--- 25.5 
SS Ses SSE eee ee ee eee ee ae ees ee 
Average......... ee: 21.2 22.5 31.2 20.3| 16.8 32.3 25.3 | 39.2 | oe 26.1 


Tasre 11.—Annwal and average yields of Turkey winter wheat on fallow land plowed on 
different dates at Moro, Oreg., during the 8-year period from 1914 to 1921, inclusive. 


Yields per acre (bushels). 


Method and date of plowing. 


j 
; 


1914 1915 | 1916 | 1917 | 1918 1919 | 1920 1921 | AVer 


Cae 
: 


| | | | | | sie 
Fall plowing: | | 
Disk plow— | | 
rae pled er e-ee--++-------- aay 4a aes 19.0 17.6 cok ee ee 24.8 
Peet: tere po cee ee 2 SOS FS 1G 3 43.3 |... |... 7 
Moldboard plow— | | | rs | | ae 
Sea 24.1) 22.8] 41.0] 222) 201] 328] 27.1| 37.8] 2&5 
ir) Soe eee 271.3 | 21.6 | 32.1) 203] 17.2; 33.2] 25.31 39.2] 263 
| } i | 
erioral An Til 1 (early)............ 28.9; 25.9/ 40.9] 22.3} 21.3) 37.5] 31.7| 31.5| 30.0 
; Plowed May 1 (late) si seabee ot 0 CS a 22.5 |- 31.2| 30.3; 30.6| 2&2 
_ Summer plo k 
 Plowed June 1 (early) ee eee: =: 21.5/ 21.4] 35.1| 23.1] 220/ 21.8) 261] 26.0 24.6 
« | | 
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Table 11 shows that the highest average yield of winter wheat was 
obtained from plowing for summer fallow on April 1 and thesecond — 
highest average yield from plowing early in the fall with the mold- 
board plow. The lowest average yields were obtained from the late | 
fall and early summer plowing. 

In the years 1914 to 1919, inclusive, when two types of: plows were 


used for the fall-plowing experiments, the average yields obtained — 
were as follows: 


Disk plow, ‘carly (dry).-27 sacs. ee eee 24.8 bushels per acre. 
Disk plow, late (wet):..22.-. 07. i= eee 23.7 bushels per acre. 
Moldboard plow, early (dry)..................-- 27.2 bushels per acre. 
Moldboard plow, late ret. BaP ee Se ek Fa Me 24.3 bushels per acre. 


These results indicate that for early fall plowing the moldboard 
plow was the better type. However, in considering the yields of 
the check plats it appears that the ground on which was located the 
series of plats plowed early in the fall with the moldboard plow was 
considerably better than that on which was located the series plowed 
late in the fall. The average yield obtained from the early fall 
plowing, therefore, undoubtedly is higher than it should be when 
compared with those for the other dates of plowing. 

The physical texture of the soil at Moro is such that when plowed 
dry in the fall with a moldboard plow it turns up in large lumps, so 
that the ground is left very rough during the winter. ‘This is not 
true of the late fall plowing, which is done after the autumn rains 
have penetrated the soil sufficiently to make the ground plow easily 
and well. The disk plow, even when the ground is plowed dry, has 
a tendency to leave the surface finer and more even after plowing. 
The draft, of course, is much greater when the ground is plowed dry 
than when plowed wet. 

The average yields obtained from the April plowing were signifi- 
cantly higher than those obtained from either the May or the June 
plowing. The check-plat yields indicate that the productivity of the 
sou of the June-plowed series was not quite so great as that of the 
April-plowed and May-plowed series, but, notwithstanding this, the 
yields obtained from the April-plowed series were significantly higher, 
especially when the fact is considered that they represent the average 
yields of 8 tenth-acre plats each year. ( 

The average acre yield of the April-plowed series in the 9-year 
period was 6.3 bushels per acre more than the average yield of the 
June-plowed series and 2.3 bushels more than the average yields of 
the May-plowed series. The 9-year average yield of the plats of the 
May-plowed series was 4 bushels more than that of the June-plowed 
series. 

In the nine years for which results are available the yield from the 
June-plowed series slightly exceeded the average yield of the April- 
plowed series in two years, 1917 and 1918. In fact, during these 
two years the average yields of the series of plats plowed in all three 
months varied but little. For the years 1913 and 1919, on the other 
hand, the average yield of the April-plowed series was nearly twice 
that of the June-plowed series. 

The yields obtained from the plats plowed in the fall for summer 
fallow were consistently lower than the yields obtained from the plats © 
plowed early in the spring, except in the case of the early fall plowing 
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with the moldboard plow. The 8-year average yields obtained from 
_ the plats plowed early (dry) in the fall were 2.5 bushels less than those 
obtained from the plats plowed on April 1 and 0.7 bushel less than 
the yield from the plats plowed on May 1. The yields obtained from 
the late (wet) fall plowing were 2.1 bushels less per acre than those 
~ obtained from the plats plowed on May 1, and 1.5 bushels more per 
acre than the yield of the plats plowed on June 1. 


RESULTS AT LIND. 


The summer-fallow experiments at Lind were conducted on two 
series of twentieth-acre plats, one series being in fallow and one in 
crop each year. These series of plats are widely separated, being on 
opposite sides of the station farm. Check plats were not used, and 
because the experiments were somewhat extensive and in their 

resent form were considered somewhat temporary they have not 
as replicated each season. 

In the Washington portion of the Columbia Basin the greater part 
of the fallow is plowed in the spring, only a very little being plowed 
in the fall. Two dates of fall plowmg, two of spring plowing, and 
one of early summer plowing are included in these experiments. The 
_ two fall dates represent dry and wet plowing and the three spring 

and summer dates early, intermediate, and late work, the first being 
done at a time when the soil is wettest, the third when the soil is 
practically dry, and the second intermediate between the other two. 
All of these dates vary with the season and are considered as more or 
less relative, depending on prevailing conditions during any one year. 
Experiments to determine the best date of plowing have been com- 
_ bined with those covering other factors as well, and the yields given 
_ for dates of plowing are the averages obtained from 3 to 12 plats 
plowed on each date in each year. The data are presented in Table 
12 and are shown graphically in Figures 14 and 15. 


_ Taste 12.—Annual and average yields of wheat on fallow land plowed on different dates, 
at Lind, Wash., during the 4-year period 1918 to 1921, inclusive. 


Annual and average yields per acre (bushels). 


Time of plowing and condition of soil. | i 


1918 1919 1920 1921 | Betis 
Fall plowing 
we es. - 22 ee 3.9 9.2 7.0 8.9 7.2 
oO" SS ES SS ee a eee 4.1 9.6 75 11.7 8,2 
Spring plowing: 
March Va ga ae ae 6.9 12.3 8.4 13.4 10. 0 
ll aD So ee ee eee 5.9 12.6 8.3 13.8 10.1 
Summer plowing: 
DEILG  y % See ee eee eee 5.8 10.3 6.0 10.8 | 8.2 
! 
1 Average of 3 plats variously cultivated. 3 Average of 7 plats variously cultivated. 
2 Average of 12 plats variously cultivated. 4 Average of 6 plats variously cultivated. 


_& In planning the experiments it was intended to crop entirely to 
_ winter wheat, but seasonal conditions prevented adherence to this 
plan. The crops of 1918, 1920, and 1921 were Early Baart spring 
_ wheat, and the crop of 1919 was Turkey winter wheat. This varia- 
_ tion, however, apparently did not affect the results. 
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The variations in yield for the different dates of plowing given in 


Table 12 are not large and perhaps are too small to serve as a basis _ 


for conclusions. The percentage variations, however, are comparable 
with those found under the more favorable conditions at the other 
two stations, results from which are reported in this bulletin. These 
data show what may be expected where moisture is an extreme limit- 
ing factor in production. 

The time and method of tillage are determined by local conditions, 
and in the drier portions of the Columbia Basin fall plowing, either 
wet or dry, is not good practice. The data given in Table 12 are in 
full agreement with farm experience in this respect. 

Of the experiments in spring plowing, the results from the first 
two dates are practically identical, the yields being higher than 
those obtained from the late or summer plowing. During the spring, 
before volunteer grain and weeds grow freely, there is no advantage 
irom a moisture standpoint in stirrmg the soil. Moisture studies 
show that before this time, which during the period of these exper- 
iments corresponded approximately to the date of the et plowing, 
nothing was gained in moisture content by plowing and that moisture 
content was equal in the plats plowed in March and April. Therefore 
the yields are equal. After this time the drain on soil moisture from 
plant growth becomes heavy enough, unless checked by tillage, to 
reduce materially the total moisture in the soil, and the yields from 
the plats plowed in June consequently are lower. 


RESULTS AT NEPHI. 


Date-of-plowing experiments were conducted at Nephi during the 
6-year period, 1916 to 1921, inclusive. 

The time that spring plowing can be started on the dry farms near 
Nephi is rather indefinite, because of the variability of the seasons. 
This operation can begin as early as April 1 in some years, but in 
others not until May 1, and occasionally it is delayed still later. 
Because of this fact, no definite dates were set for plowing the various 
plats, but different stages of growth of volunteer wheat were used in- 
stead. The first plowing is done just as soon as the plow will scour; the 
second, when the volunteer growth is 6 inches high; the third, when 
the wheat is 12 inches high; the fourth, when the volunteer crop is 
in early bloom; and the fifth, when the wheat kernel is in the milk 
stage. Jor fall plowing the land is turned over at a medium early 
date, near October 10. The depth of plowing usually is 8 inches. 

he experiments were conducted on duplicate tenth-acre plats 36 
by 121 feet. The results are shown in Table 13 and graphically in 
Figures 14 and 15. 

The results shown in Table 13 indicate a very decided advantage 
in favor of early spring plowing as compared with plowing at later — 
dates. The yield decreases regularly with the later plowing. The — 
difference between fall plowing and spring plowing in this test was 
very slightly in favor aft fall plowing. 

A large part of the plowing on the dry lands in the Great Basin 
is left until spring. Spring plowing in this section usually is cheaper 
than fall plowing, because less power is needed for the operation and 
because spring-plowed land does not require so much summer culti- 
vation to check the growth of weeds and volunteer wheat. 
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TasLe 13.—Annual and average yields of Turkey winter wheat, after fall plowing ané 
after spring plowing at different times, represented by different stages in the growth 
of volunteer wheat, at Nephi, Utah, during the 6-year period from 1916 to 1921, in- 
clusive. 


| Yield per acre (bushels). 


Date of plowing. a al a ad Sl Gc sc 
1916 1917 1918 | 1919 1920 1921 Average. 
——— -——— - — — —j— —— | _ ~ 
Fall plowing: 
Wo RU 9 20. 0 23. 6 17.4 21.9) 25.5 38. 9 24.5 
Spring plowing: 
wo ie Re ee ees! 28. 8 16.3 22.1 26. 2 34.7 24, Z 
When volunteer wheat Waséincheshigh|) 16.1 219 15.6 16.5| 222 329 20. § 
When volunteer wheat wasl2incheshigh.| 15.6 22.6 15.7 17.6 19.0 30. 4 20. 2 
When plants were in early bloom.......-. | 12.6 21.0 10.1 12.9; 181 26. 8 16. 9 
When kernels were in milk stage........ eed ® 21.7 9.7 5.5] 18.1 27.7 15.4 


These two factors should be considered, but economy of production 
is of first importance. Usually the time between the first possible 
opportunity for spring plowing and the time the volunteer wheat is 
6 inches high is not more than two weeks, and sometimes less. With 
a large acreage left for spring plowing, a good part of the land can 
not be plowed before the volunteer wheat is 6 inches high, and it is 
not uncommon to see plowing done in summer when the wheat 
plants are in the milk stage, the last stage covered by the experiment. 
That it pays to work the land as early as possible in the spring is 
clearly indicated from the results shown in the table. 

In another experiment, reported later, to determine the influence 
on yield of different methods of handling summer fallow, a direct 
comparison was also obtained between the yields of winter wheat on 
ground plowed for fallow in the spring and in the fall. Yields are 
available for spring-plowed and fall-plowed fallow given ordinary 
cultivation during the years from 1910 to 1921, inclusive, and for 
spring-plowed and fall-plowed fallow given no cultivation and weeds 
hoed during the years from 1916 to 1921, inclusive. These data, to- 
gether with the data for the fall plowing and spring plowing in the 
experiment listed in Table 13, are shown in Table 14. 


TaBLe 14.—Annual and average yields of Turkey winter wheat grown on tenth-acre plats 
plowed in the fall and in the spring with fallow treated in various ways, at Nephi, Utah. 
during the 12-year period from 1910 to 1921, inclusive. 


Annual and average yields per acre (bushels). 


| 


| | | | | H 
| | | Avere 
Treatment. | | | age. 
1910/1911 1912 1913 1914 1915 1916 1917|1918 1919,1920|1921; | 
| pA ae 1910 1916 
| to | to 
| | =|: <|°, [19208923 
pan pout eg ert | 
| } j | 
Spring plowing, ordinary cultivation...... (14. 0133 0/22.0 5. 0/42. 8 31. 7/18. 3/31. 8|14. slo, 7/27. 5/38, 4:25. 2/25. 7 
all plowing, ordinary cultivation. ..-..../12.029.0,22.0) 4.0/45. 4.31, 3 19. 3/27. 8/16. 2/19. 3 27. 1/48. 0 25, 1/26. 3 
pans plowing, weeds hoed............... DBAS tes, PN Se aes era 19, 5/29, 2/13. 0/23. 0/27. 7/42. 2|....|25.§ 
0 EE ee ee ee ne pei ee pices Ge 117. §/31. 2/13. 2/21, 7/23. 8/45. 7)... .|25. 6 
117. 1/28. 8/16. 322. 1/26. 2/34. 7|....|24.2 
(20. 0/23. 6/17. 4 21. 9/25. 5) (24.5 
. | i a 
|25.2 
125. 5 
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As is shown in Table 14 the average yield for the tenth-acre plats 
plowed in the spring and in the fall for the 12-year period from 1910 
to 1921, inclusive, were practically identical. In the other compari- 
sons between spring plowing and fall plowing the average yields 
were slightly in favor of the fall plowing. The average yield from 
the spring-plowed land in the three experiments for the 6-year 


period from 1916 to 1921, inclusive, was 25.2 bushels and the aver-_ 


age yield from the fall-plowed land during the same period was 25.5 
bushels per acre, a difference of 0.3 bushels per acre in favor of fall 
plowing for summer fallow at Nephi. 

Using these results as a basis of judgment, it might be stated 
that dry farmers in the Great Basin area should plow part of their 
land to be summer fallowed in the fall, and if any is left for spring 
plowing it should be only such an acreage as can be plowed within 
the first few weeks of spring. 


DEPTH-OF-PLOWING EXPERIMENTS. 


Experiments to determine what effect depth of plowing may have 
on the yields of wheat grown after summer fallow were conducted at 
Moro, Lind, and Nephi. At Moro spring wheat was grown on land 
plowed early in April, both 5 and 10 inches deep. At Nephi winter 
wheat was grown on land plowed 5 and 10 inches deep in the fall, 
subsoiled 15 to 18 inches deep, plowed 8 inches deep in the fall and 
3 inches deep in the spring, plowed 3 inches deep in the fall and 8 
inches deep in the spring, and plowed 8 inches deep in both fall and 
spring. At Lind wheat was grown on land plowed 4 and 6 inches 
deep on two dates, September 1 and November 1, and on land 
plowed 4 and 8 inches deep on three dates, March 1, April 1, and 


June 1. 
RESULTS AT MORO. 


In the depth-of-plowing experiments at Moro 40 tenth-acre plats 
were used, 20 being in crop and 20 in fallow each year. Plats 3 and 
8 in each series of 10 are check plats uniformly cultivated, all being 
plowed 8 to 9 inches deep and the fallow kept clean. Table 15 
shows the yields of each plat in these experiments in the years 1912 
and 1914 to 1921, inclusive, no results being available for the year 
1913. Certain of these yields are shown graphically in Figure 16. 

Table 15 shows that there was considerable variation in the average 
yield of the individual check plats in each series. The check plats 
(No. 3) which were located in the west end of each series gave lower 
average yields than the check plats (No. 8) which were located in the 
east end of each series. The average yield of the two check plats in 
the shallow-plowed series was 21.5 bushels, and the average yield of 
the two check plats in the deep-plowed series was 21.6 bushels per 
acre, indicating that the productivity of the soil of the two series 
was practically the same. The average yield, therefore, of the eight 
Bee pees shallow and of the eight plowed deep should be com- 

arable. 

E The 9-year average yield of the eight tenth-acre plats plowed 5 
inches deep (Table 15) was 20.4 bushels per acre, and the average 
yield of the eight plats plowed 10 inches deep in the same period was 
21.3 bushels per acre, an increase of 0.9 bushel in favor of the deep 
plowing. 
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Fic. 16.—Annual and average acre yields, in bushels, of winter and spring wheats in varying numbers of 
years at Moro, Oreg., of spring wheat at Lind, Wash., and of winter wheat at Nephi, Utah, when grown 
after summer fallow for which the land had been plowed deep (10 inches) and shallow (5 inches). 
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TABLE 15.—Annual and average yields of wheat in the depth-of-plowing experiments at 
Moro, Oreg., in the years 1912 and 1914 to 1921, inclusive. 


[Pacific Bluestem spring wheat was grown in 1912 and from 1914 to 1917, inclusive; Early Baart spring 
wheat in 1918 and 1919; and Turkey winter wheat in 1920 and 1921.} 


Annual and average yields per acre (bushels). 


Cultivation method. Plat. | 


| | 9-year 
1912 1914 | 1915 | 1916 | 1917 | 1918 1919 | 1920 | 1921 aver- 
| | | j | age. 
: | Can (hess b (ee er ede | | | 
No.1...| 13.6 | 14.6 | 13.6 | 28.7 | 16.0 | 14.2 | 22.6 | 23.3] 31.2] 19.8 
||No. 2... 13.6 | 13.9 | 16.8 | 26.7 | 182 | 13.2 | 20.1] 187|35.5| 196° 
No.4... 14.5 13.9 17.5 | 26.0 8.8 12.7 | 23.5 | 18.7 | 38.5) 19.5 
; No.5...| 15.0 | 13.5 | 17.5 | 28.3 | 20.3 | 12.0 | 20.5 | 21.3 | 37.3) 20.6 
Shallow spring plowing. ....---)No,6:_.| 12.9 | 15.5 | 17.0 | 28.5 | 183 | 14.3 | 21.6 | 21.8 | 37.5| 20.8 
No.7...| 16.6 |17.3| 9.6 | 31.7| 87 | 14.2 | 25.1] 185 | 36.7] 19.8 
}No.9...| 15.1 | 14.5 | 16.6 | 32.2} 16.7 | 12.5 | 21.6 | 26.2 | 35.5! 21.2 
No. 10... 18.0 | 17.0 | 16.3 | 33.0 | 19.0 | 13.5 | 21.2 | 27.3] 343) 22.2 
| | — ee 
VETOED vox oe sec = See aso |ceeeee es | 14.9 | 15.0 | 15.6 | 29.4 | 15.9 | 13.3 | 22.0 | 22.0 | 35.8) 20.4 
No.1...| 12.8] 9.0 | 14.8 | 27.2] 19.3| 9.5 |20.8| 148/365! 183 
No.2... 14.4 | 8.0] 17.5 | 25.0] 19.7 | 10.2 | 22.5| 18.71} 45.5) 20.2 
No.4... 15.3 | 12.0 | 19.0 | 30.0 | 18.2 | 12.2 | 20.8 | 22.8|347/ 206 
i, 0.5...| 13.9 | 14.0 | 16.3 | 31.0 | 182 | 13.0 | 20.8 | 26.2 | 33.0! 20.7 
Deep spring plowing.........-. No.6...| 13.4 | 14.3 | 17.0 | 30.3 | 20.0 | 15.5 | 20.2 | 27.1 | 36.5| 21.6 
No.7...| 16.1 | 15.5 | 16.8 | $2.5 | 17.0 | 14.7| 185 | 20.0 | 34.71 20.6 
No.9...| 18.0 | 17.1 | 16.6 | 36.7 | 18.3 | 15.0 | 21.8 | 32.3 | 37.2 | 23.7 
No. 10..) 17.8 | 16.3 | 16.1 | 36.3 | 22.0 | 17.0 | 23.3 | 34.5 | 40.8] 249 
OTE Ree a eget 15.2 | 13.3 | 16.8 31.1 | 19.1 | 13.4 | 21.1 | 24.5 | 37.4] 21.3 
No.3...) 13.3 | 13.0] 16.0 | 28.2 | 17.3 | 13.2 | 24.7 | 20.5 | 39.0] 20.6 
Checks, shallow series. ........ (No. 13.0 | 16.5 | 181 323 | 15.6 15.2 | 225/287 40.7) 225 
0.3...| 15.0 | 12.0 | 15.3 | 27.8 | 19.3 | 10.5 | 20.0| 19.0 | 42.0} 20.1 
Checks, deep series. ........... {No.8.. | 15.6 | 16.5 | 15.8 | 36.8.| 17.0 | 14.0 | 22.8 | 31.5 | 37.5| 23.1 
LE see RE ES REN ie pet da sea on eee... Rea (esas saute ee Se ere 21.6 
1 


RESULTS AT LIND. 


The depth-of-plowing experiments at Lind include variations in 
depth on all dates of fall plowing and spring plowing. Fall plowi 
of fallow is not generally practiced in the Columbia Basin, an 
therefore but two depths are used on the fall dates, as compared 
with three on each of the spring dates. These are more extensive 
experiments than those concerned with dates of plowing, and 26 
plats were used exclusively for this purpose, 13 being in crop and 
13 in fallow each year. The results are presented in Table 16 and 
in part are shown graphically in Figure 16. 

Dry fall disking retards the absorption of soil moisture. From 
the data on comparative yield it is apparent, with the limited mois- 
ture supply and the soil type prevailing at Lind, that the fall plow- 
ing must have the same effect. It is further apparent that the 
detrimental effect must be greater as the depth of the layer of loose 
soil is increased, the more shallow plowing giving the best return in 
yield. It is logical to assume, therefore, that any tillage given to 
soil in a dry condition should be as shallow as possible. 

The three spring and summer dates represent plowing under three 
different conditions of soil moisture and subsequent precipitation. 
The first represents plowing in a very moist soil with more or less 
subsequent rainfall; the second, plowing in a somewhat drier surface 
soil with less succeeding 


fo) 


rainfall; and the third, 


with practically no subsequent rainfall. 


plowing in 


dry soil 
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 Tasre 16.—Annual and average ytelds of wheat in the depth-of-plowing experiments at 
s ind, Wash., during the 4-year period from 1918 to 1921, inclusive. 


Annual and average yields per acre (bushels). 


Date and depth of plowing. 


1918 | 1919 1920 | 1921 | Average. 
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On the early plowing, except in 1921, yields usually have in- 
| creased with depth of plowing. This would tend to indicate that 
_ with better moisture conditions deep plowing is at least equal, if not 
superior, to shallow plowing. In the spring of 1920 the early plow- 
_ ing was delayed, and soil conditions at the date when it was actually 
done in reality corresponded to those at the usual midseason date, the 
results being similar. This delay was intentional in studying the 
influence of soil conditions on this factor. On the later dates nothing 
was gained by deeper plowing, indicating that under drier conditions 
and with the advance of the spring plowing season the average depth 
_ of plowing should be decreased. 


RESULTS AT NEPHi. 


The depth-of-plowing experiments at Nephi are divided into two 
parts. The purpose of the first section is to determine the effect 
of fall plowing to depths of 5 and 10 inches and subsoiling to depths 
of 15 and 18 inches on the yield of Turkey winter wheat. In sub- 
soiling, a furrow was first made with a plow and the plow immedi- 
ately followed by a subsoiler. Eight tenth-acre plats were used 
each year for these experiments, four being fallow and four produc- 
- ing a crop. 

_ Fall-plowed land often must be plowed again in the spring to kill 
weeds and volunteer growth. The second section of the depth-of- 
plowing experiment was started in 1916 for the purpose of determin- 
ing the proper depth of each, if both plowings were necessary. One 
lat was plowed 8 inches deep in the fall and 3 inches deep in the 
following spring; another was plowed 3 inches deep in the fall and 
8 inches in the spring; and the third was plowed 8 inches deep in 
_ both fall and spring. Six tenth-acre plats were used in this test, 
half of which were fallow each year while the other half were in 
crop. The results of both experiments are included in Table 17 
and part are shown graphically in Figure 16. 
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TaBLe 17.—Annual and average yields of Turkey winter wheat grown in tenth-acre plats 
in the depth-of-plowing experiments at Nephi, Utah, during the 12-year period from 
1910 to 1921, rnelusive. 


Annual and average yields per acre (bushels).! 


Average. 
Treatment. ‘ 
} | 5 | 
1910 | 1911 | 1912 | 1913 | 1914 | 1916 | 1917 | 1918 | 1919 | 1920 | 1921 | 1910 1916 
} | | 


to 
1921 | 1921 


Subsoiled 18 inches | | | | | | | 
ee | 14.0 | 28.0/ 180] 4.0 | 386 | 16.2 | 27.7 | 16.5 | 19.0 | 26.8 | 44.2 | 23.0} 25.1 


ith ee ee | 13.0 | 29.0 | 19.0} ‘650 | 41.3 | 15.8 | 2752'} 20.3 | 23.7 | 24.5'| 43.4 |) 23595 pean 
Plowed 10 inches | 

BEAU oot ote ene === | 13.0 | 29.0 | 21.0 | 7.0 | 38.8 | 15.7 | 28.2 | 17.3 | 25.5 | 

Plowed 5inches deep.| 12.0 | 27.0 | 20.0 | 10.0 | 39.5 | 13.3 | 28.5; 18.7 | 23.8 | 

Plowed 8 inches in | 

fall and 3 inches in | 

| 


ee 


SEINE Soe cee fl aac ooo bee ee pat —ce Boake 16.5 | 26.2] 182 | 17.3 |32,.0°| 41.17) 2 | 25.2 @ 
Plowed 3 inches in | | - = 

fall and 8 inches in | | 

Ei fe ae ey eT 5 Deedes ies 14.5. 728.2 | 1423 | 155528. 0.1 387 ee |- 23.2 2 
Plowed 8 inches in | | 

both fallandspring.|...... ee eee Sele eee sl oe eee 15.7 | 26:8: P1523 | ATO STS: Sk ee eee | 23.5 


| 
1 No yields reported for 1915. 3 


From the results in Table 17 it is evident that plowing beyond a ~ 
depth of 10 inches is not necessary. In fact, when the labor costs _ 
of subsoiling are considered, this practice is decidedly unprofitable 
under conditions similar to those at Nephi. Between the 5-inch 
and 10-inch plowings there was an average difference of 1.4 bushels in 
favor of the greater depth for the period from 1910 to 1921 and an 
average difference of 2.5 bushels from 1916 to 1921. This indicates 
that fall plowing should be deeper than 5 inches. 

In the second part of Table 17 the 8-inch fall plowing followed by 
plowing 3 inches deep the following spring gave a higher acre yield 
than either one of the two other methods. Taking all of the data 
presented in Table 17 into consideration, as well as other data given — 
in this bulletin, it can be safely stated that one plowing either in ~ 
fall or spring is sufficient if weeds can be controlled. i 


CULTIVATION OF SUMMER FALLOW. 


PACKING AFTER PLOWING. 


The use of surface and subsurface packers has been quite widely 
advocated, with the idea that they aid in conserving moisture and 
in increasing wheat yields. At present these implements are used 
by dry farmers in the West only to a limited extent. 

Experiments to determine the effect of packing the soil on the 
yield of wheat grown after fallow have been conducted at Moro, 
Oreg., and at Lind, Wash. At Moro both the subsurface and the 
surface packer were used (Table 10) on land plowed April 1, May 1, 
and June 1 on which Turkey winter wheat was grown, and on early, 
deep and shallow spring plowing on which spring wheat was grown. 
At Lind the subsurface packer was used on ground plowed in March, 
April, and June. 
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RESULTS AT MORO. 


Table 18 shows the average yields of winter and of spring wheat 
during the 9-year period from 1913 to 1921, inclusive, grown on 
summer-fallowed land not packed and packed with subsurface and 
surface packers. Both types of packers were used on five different 
_ methods of spring plowing, namely, land plowed early and late in 
the spring and in early summer and plowed shallow and deep in 
the spring. The subsurface packer also was used on two types of 
fallow treatments, clean fallow, or fallow frequently cultivated dur- 
ing the summer, and fallow that was harrowed once and given no 
_ further cultivation. 
-~ The average yields reported in Table 18 are from single tenth- 
acre plats each year. The yields of winter wheat from the April 1 
plowing with clean fallow and the yields of spring wheat from the 
deep plowing with clean fallow are from adjacent plats. The other 
yields reported in Table 18 are from plats not adjacent. The detailed 
results are found in Table 10 and some of the data are shown graphi- 
cally in Figures 17, 18, and 19. 


TABLE 18.—Average yields of winter wheat grown at Moro, Oreg., after summer fallow 
plowed on three different dates and packed with surface and subsurface packers during 
the 9-year period from 1913 to 1921, inclusive, and of spring and winter wheat on shallow 
and deep plowing, clean fallowed and harrowed only once in the same period with 1913 
omitted. 


Yields per acre (bushels). 


Time and depth ofplowing and cultivation of fallow. | 


Not | gar mea Surface 
packed. packed. packed. 


_ Date of plowing: 
April 1 (early spring)— 


i 2 SS ee ee ee oe a oa a1% 31.1 | sy Ji. 
CE TEE LEADS eg a ee eee ee ee 4 (9572 28. bts. asee see 
May 1 (late spring)— noe 
Data WI = orn eS kh oe A reat Se Sek EE oO 2.7 28.4 28.6 
DIRT ATT ne ae ee a ee eh ee ae eee 26.2 25.9) eee 
June 1 (early summer )— | 
les tetas ie ee ee ea OES Ce os Oe en a Sake Sous ce 22.9 | yA ey ae 22,4 
i 0 WU Sts Seale ae ee ee ee 22.6 22: 55| S35 eee 
oo EL BL. a S85 lS eee RE ei eee ee eee eee 26.4 2623"\22 eee 
Depth of plowing: SSS SSS SSS 
Shallow— 
Clio (atc A a es a oe eee 20.6 21.2 22,2 
“CELE DE Petr ie ee SR Se ee ne 19.5 19, 83 [e3 ee oe 
lin ee eer ee es 21.6 23.7 | 24.9 
Pree UUIERTEE SS ee 5 a Mc ae ie a wn ersten amsiesiaie be dee Se 20.6 | 20.6. jase ee 
JSUT es fae ee 20. 5 7 Re: tel ea ae eet 


It will be noted from Table 18 that the average yield of Turkey 
winter wheat on the different dates of plowing and the methods of 
cultivating the summer fallow were practically identical for the 
plats not packed and those packed with the subsurface packer. 
_ There was a slight increase in yield from the surface-packed plats 
_ when compared with those not packed or those packed with the sub- 
surface packer, but the increase was too slight in each case to be 
significant if the check-plat yields as reported in Table 10 are taken 
into consideration. : 
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In the depth-of-plowing experiments in which spring wheat was 
used for seven years and winter wheat for two years, the average yield 
of the subsurface-packed plats is 0.8 bushel more than the average 
yield of those not packed. The surface-packed plats also produced 
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Fia. 17.—Annual and average acre yields, in bushels, of winter wheat in varying numbers of years at Moro, 
= , J 


Oreg., and Lind, Wash., when grown after summer fallow for which the land had been plowed inearly - 


spring and either not packed or packed with a subsurface or surface packer after plowing. 


a slightly higher yield than those not packed, but in this case again 

the small increases in yield from the packed ground do not appear 

to be significant when considered in connection with the differences 

a es of the check plats used in this experiment, as reported in 
able 15. 
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_ There apparently was no advantage in using either the subsurface 
_ or surface packers at Moro. 


ees SE/F /9/5 19/6 SH/7 (HG 19/9 1920 1927 


NO PACKING 


SUB-SUAIACE FACKED —_—---- = 
SUAFACE KFACAED =—-—-=—-—: _ 
Fic. 18.—Annual and average acre yields, in bushels, of winter wheat in varying numbers of years at Moro, 


Oreg., and Lind, Wash., when grown after summer fallow for which the land had been plowed in late 
spring and either not packed or packed with a subsurface or surface packer after plowing. 


RESULTS AT LIND. 


_ At Lind the experiments included the use of the subsurface packer 
on all dates of spring and summer plowing. The results are given in 
Table 19, and are shown graphically in Figures 17, 18, and 19. 
The data in Table 19 indicate that, in contrast to the results at 
Moro, there were certain beneficial effects in using the packer at 
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Lind on the two dates of spring plowing. These data are¥not 
contradictory, but merely emphasize the fact that differences in 
soil type, soil-moisture content, and subsequent precipitation may 
cause entirely different results from the same operation. {The 
heavier soil at Moro, with heavier rainfall, when given any (sub- 
sequent tillage whatever, tends to settle into a condition more nearly 
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Fa. 19. Annual and average acre yields, in bushels, of winter wheat in varying numbers of years at. Moro, 
Oreg., and Lind, Wash., when grown after summer fallow for which the land had been plowed in early 
summer and either not packed or packed with a subsurface or surface packer after plowing. 


resembling that treated with the packer than does the lighter soil at 
Lind under the lighter rainfall. As a result the packer had little 
effect at Moro, while it had some effect at Lind. 

There was no benefit in using the packer at Lind on the June (sum- 
mer) date, because the soil was less moist and packing did not affect 
the results. 
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_ TasBLe 19.—Annual and average yields of wheat after fallow, packed and not packed, on 


land plowed on three different dates during the 4-year period from 1918 to 1921, inclusive, 
at Lind, Wash 


Yields per acre (bushels). 


Date of plowing and subsequent treatment. 
1918 1919 | 1920 1921 Average. 
March (early spring): 
DEST A ee eee Se eee 6.3 12.7 9.1 16, 2 eit 
" ri da TERE eG oe eS A ee Ne Sear ee ee 6.1 11,2 8.7 13. 2 9.8 
te spring): 
: ied «Ee ae ae ee ee 6.3 14.3 9.0 15.2 1102 
“Tip 7 RGRTG Coe ee a eee eee 5.9 12.0 8.1 15.0 10. 2 
June (early summer): | 
CREP) 2-6 dee Sate Oar Posen once aoe ee! 12.3 8.5 120% 9.8 
i DF TUDES Ree os ae cae ee See 5.8 13.8 8.6 12.8 10. 2 


Despite the possible benefits from using the packer shown by these 
data, its practical use is doubtful. Weeds grow more rapidly and 
ha more work for their control on packed soil; and especially on 
light soil types, where the packer is most beneficial, this additional 
stirring is likely to cause soil drifting by the wind. That the packer 
has not come into more general use would tend to cast doubt at least 


on its feasibility. 
HARROWING AND WEEDING SUMMER FALLOW. 


Experiments to determine the value of frequency of cultivation of 
summer fallow after plowing were conducted at Moro, Lind, and 
Nephi. At Moro three methods were tried: (1) No cultivation of the 
summer fallow after plowing; (2) one harrowing immediately after 
plowing and no cultivation thereafter; and (3) two harrowings im- 
mediately after plowing, with sufficient cultivation with a spike- 
tooth harrow or rod weeder during the summer to keep the ground 
free from weeds. A well-tilled fallowed field at the Sherman County 
Branch Station is shown in Figure 20. Plats in the tillage series 
treated in each of these three ways are shown in Figures 21 and 22. 
At Lind two methods of handling fallow were tried: (1) Immediate 
cultivation after plowing and (2) delayed cultivation, in either case 
the fallow being kept clean of weeds. At Nephi, no cultivation; 
moderate cultivation, and frequent cultivation of the fallow also 
were tested. At all three stations each method of cultivating the 
fallow was used on different dates or methods of plowing. 


RESULTS AT MORO. 


_ At the Moro station the three methods of cultivating fallow were 
tried on three dates of spring and summer plowing, namely, April 1, 
May 1, and June 1. Two methods were tried on four kinds of fall 
plowing, namely, early and late with the disk and early and late with 
the moldboard plow. 

The results obtained, as summarized in Table 20, are in favor of 
frequent cultivation of the summer fallow for winter wheat except 
on the June plowing. In this instance the ground was dry when 
plowed, and cultivation of any kind apparently was of no value. On 
early spring-plowed fallow at Moro cultivation significantly increased 
ee cee yields but only slightly increased the yields of spring 
wheat. 
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TABLE 20.—Average yields of winter and spring wheat at Moro, Oreg., grown after fallow 
under three methods of cultivation in the 9-year period from 1913 to 1921, inclusive. 


Yields per acre (bushels). 
Crop and date of plowing. | 
. No culti-| One har- pen 
vation. | rowing. Gan, 
Winter wheat: 
Spring plowing— 

Aprill(early:) 3... So2 sss acta eee see RN a er SAO ea 26.6 21.2 31.9 
ot May si(Wateyis 24s e cin of pee cai a clare ee eee eee eee 25.9 26. 2 PA Pet 
Summer plowing— be 

JUNG 1 (@arly,).c.-susacieas ose ose ee ee oe ene nee eee | 22.4 22.6 22.9 
Fall plowing— ; | 

Marly cs SOR Wa See eer oe ene reverts kee bree ae em Weg opin 24.9 29.5 

1: en eg ete Ps ps eR eae Sona soe ani (eres eae pee 26525} 26.3 

Spring wheat: 
Spring plowing— 
Shallow: Fi cee ease tes Be ee SR hy ee eee ee ee 19.6 19.5 20. 6 
Deep...--. a Stetete Sake msn Sepia ee es broke ke GPR aie > Loe Seeger a ee 20.2 20.6 20.7 


K : 

Fic. 20.—Summer fallow in excellent condition at the Sherman County Branch Station, Moro, Oreg. 
Note the fine clods on the surface and the complete absence of weeds. Rotation and tillage plats are 
shown in the background. 


The yields shown in Table 20 under the heading “ Frequent 
cultivation”? were obtained from fallow harrowed twice immediately 
after plowing, harrowed again about three weeks later or when weeds 
had started, and weeded with a rod weeder two or three times during 
the summer. On the land plowed in the fall and on that plowed on 
April 1 Russian thistles were troublesome on the plats given no cul- 
tivation and those harrowed only once after plowing. These weeds 
were allowed to grow on these plats until they attained considerable 
size, but they were hoed off each year before maturing seed. This 
weed growth undoubtedly was one cause of the reduced yields on 
these plats. On the land plowed on May 1 there usually were very 
few weeds on the fallow and not enough in any year to be a factor in 
reducing wheat yields. On land plowed on June 1 no weeds were 
able to grow, on account of the dry soil. 
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Table 21 contains a summary of all the results obtained in the 
tillage experiments with winter wheat at Moro. 
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Fic. 21._View of a portion of the tillage experiments at Moro, Oreg., in 1922. At left, plat given fre- 
quent cultivation; at right, plat given no cultivation after plowing. The furrows in the plat culti- 
vated frequently are made by the rod weeder. 


TaBLeE 21.—Summary of yields of Turkey winter wheat obtained in tillage experiments at 
Moro, Oreg., conducted on spring and summer plowing in nine years, 1913 to 1921, and 
on fall plowing in eight years, 1914 to 1921, inclusive. 


Yields per acre under different methods of cultivating summer fallow 1 (bushels). 


Date of plowing. | | - 
‘ .. ver- 
| a! 2 3 4 5 6 7 | 8 9 10 age.2 
2 Ot AM ee Se ee ee Ss 
Spring plowing: | 
April 1 (early)....- fe 2 |. 206d) 29-6.) 27: 31294) B01 | 28 sa4ln al 31-1} 32.2|. 29.4 
Mbit (rite... | 27.5 : 28.4 | 28.6-|.2#d 


Summer plowing: 


a a a en eee ee ee 
i . r ‘ " my ’ 


June 1 (early).....-| 27.3| 22.4 28.3) 226) 229| 228) 22.5) 286] 21.7/ 224) 23.1 
Average......... | 27.3| 24.9| 29.1| 25.3] 27.5| 26.6] 25.6| 30.9] 27.1| 27.7| 26.5 
Fall plowing: | | ere 

Early (dry).......- a ee 31.8| 24.9| 29.5] 28.1]....... aes acer? Fees 27.5 
Ss in a a 26.2°| 26.3 |~ 2505 |oo223- 7 Ne aaa a 
Average......... 2. 31.8 | 25.6] 27.9] 26.8 ].2..... 7 a alee oe | 26.8 
Average of all | | | Cal 7 
plowings....... 20% a aes SH Rs rt ee a A ee en eer ee: cee 


1 The methods of cultivation were as follows: 
1, Frequent cuitivation; disked in both fall and spring before plowing; clean summer fallow. 
2. No cultivation of summer fallow after plowing; weeds hoed off before maturity. 
3 and 8. Check plats. Frequent cultivation; disked in the spring before plowing; clean fallow. 
. One harrowing immediately after plowing; no further cultivation; weeds hoed off before maturity. 
. Frequent cultivation; no disking before plowing; clean cultivation of fallow. 
. Frequent cultivation; same as No. 5 except that the crop was harrowed in spring. 
. Packed with subsurface packer after plowing and harrowed once only; weeds hoed off beforematurity. 
. Packed with subsurface packer and frequently cultivated; clean summer fallow. 
10. Packed with surface packer and frequently cultivated; clean summer fallow. 
2 Yields of check plats, all of which were plowed on Apr. 1, are not included in the averages in this column. 
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RESULTS AT LIND. ' 


Weed growth has such an important bearing on yield in the por- 
tion of the Columbia Basin lying in central Washington that tillage 
of some sort for weed control can not be omitted in maintaining the 
fallow. It simply is a question of whether tillage should be given 
immediately after plowing or whether the tillage should be delayed 
until weeds start growth. The results obtained are given in 
Table 22. 

From these data it is seen that so long as moisture conditions are 
favorable, as at the earlier dates of plowing, immediate cultivation 
may or may not have advantages. As the soil becomes more dry, . 
as in the June plowing, there is nothing to be gained by immediate 
tillage. In other words, the more dry the general conditions, the less 

“he possible advantages to be gained through immediate cultivation 


Fic. 22.—Plats in the tillage experiments at Moro, Oreg., July, 1922. At left, plat given frequent culti- 
vation; at right, plat harrowed once immediately after plowing and not cultivated thereafter. The 
furrows in the plat cultivated frequently are made by the rod weeder. This weeder is sometimes fol- 
lowed immediately with a spike-tooth harrow to smooth the ground, but usually the fallow is left as 
shown until seeding time, the ground being smoothed just before sowing. 


following the plow. Taken alone these data would not justify such 
a conclusion, but in conjunction with those from two other stations 
they tend to point in that direction. 


TABLE 22.—Average and annual yields of wheat after fallow cultivated immediately and 
not cultivated immediately after the plowing, at Lind, Wash., in the years 1918 to 1921, 
mnelusive. ~ 


Annual and average yields per acre (bushels). 


Date of plowing and subsequent treatment. SSS Se 
1918 1919 | 1920 | 1921 Average. 


March plowing (early spring): 
LIMITS CT ALCICUIGIV ATION. 5c. % onc: sens won ccivscoawep ee 
DWelavedeulnvatlOw =. <2 .400%05..0% wae cess ec=pe 

April plowing (late spring): 

Immediate cultivation............... Sao eee 
Welayed cultivalOns. <se- ~s- sac ode acoso geese ce 

June plowing (early summer): 
immediate cultivation<-...-..2-...s.-.-deses+--c0 
WelavedicultivaiOns nesasa-- =. s a6 socerceceeeeoee 


aioe 


gr ID 
mw lop a>) 00 tO 


WHEAT PRODUCTION ON DRY LANDS. 41 


RESULTS AT NEPHI. 


At Nephi three methods of cultivating the fallow were tried on 
 fall-plowed and on spring-plowed land. In normal cultivation the 
 fall-plowed land was harrowed early in the spring and again in the 
fall just before seeding. Between these two cultivations usually 
_ two weedings were necessary to kill volunteer growth. The spring- 
_ plowed land cultivated normally washarrowed after plowing and again 
Sesare sowing time in the fall. One weeding sometimes was necessary 
_ during early summer. Four plats, two in crop each year, were used 
_ for this experiment. 
In the second method no cultivation was given to the fallow on 
fall plowing or on spring plowing, but the weeds were kept down by 
i hoeing, with the least possible stirrmg of the surface soil. Four 
' tenth-acre plats likewise were used for this method, two being 
 fallowed, while the other two produced the crop. 
__ In the third method six plats were required. Two plats were fall 
lowed and one of them plowed again in the spring. One plat was 
left in stubble for spring plowing. From June 1 until September 1 
all of the fallow plats in the third method were harrowed every two 
_ weeks. The results of this experiment are given in Table 23. 
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Tassie 23.—Annual and average yields of Turkey winter wheat grown on tenth-acre plats 
plowed in fall and in spring, or both, with the fallow treated in various ways, at Nephi, 
Utah, in all or part of the years from 1910 to 1921, inclusive. 


Yields per acre (bushels). 


Average. 
Treatment. | | | | 
| . | | 
19101911 1912 1913,1914 1915 19161917 1918 1919|1920 1921 1919 1916 
| | | | to to 
| | 1921 1921 
i | | | 
| | | | 
Ordinary cultivation: ‘Napali ag CoM ier babe aoe 
: LT DE i 12. 0/29. 0/22.0, 4. 0/45. 4/31. 3/19. 327. 8,16, 2 19, 3/27, 1/48. 0/25. 126.3 
ae ewe Beets SSeS oaiae Ae cto 14. 0/33. 0/22.0) 5.0.42. 831. 7/18. 3/31. 8/14. 5 23, 7/27. 538, 4:25. 2\25. 7 
_ a SUES Sea Beso 9) nee eee isa ets ‘17. 831, 2)13. 2 21. 7|23. 8/45. 7|...-|25.6 
“ns vt. 7 oot cE a ia AO Danie A eR me cea 19, 529. 213, 0 23. 0/27. 7/42. 2)....|25. 8 
, Cultivated frequently: od oom (nest | 
E 2 Se Pe Bee es eee |. +2-|-2./17. 3/27, 0/13, 6:21. 0/23, 7/42. 3/....'24.1 
} ee nl Ca ee ee ee ees eee ESS Eee pee ee |... /18. 3/26. 4:13. 5 19. 3/28. 5/35. 9)... .|23.6 
Plowed in both falland spring............ |--+-|--2-|--20]-2--|---- tees aaa kaa 22. 5/28. 0/44. 3!..../26.2 
| | 


The yields of winter wheat following either spring or fall plowing 
- with ordinary tillage showed no appreciable differences. In the 
_ frequent-cultivation experiment the double plowing gave higher yields 
than either fall plowing or spring plowing alone with frequent tillage 
in all cases. 
_ _In comparing the yields of two normally cultivated plats, one of 
_ which was plowed in the fall and the other in the spring, with fall- 
“ae and spring-plowed plats uncultivated, except for a light 
oeing necessary to kill weed growth, the difference in yield of the 
two fall-plowed plats was only 0.7 bushel and between the two 
spring-plowed plats only 0.1 bushel. Neither difference was large 
enough to be significant. 
ki In the frequent cultivation of fallow the difference in yield 
_ between fall-plowed and spring-plowed plats was 0.5 bushel in favor 


q 
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of the former. The double plowing showed an advantage of 2.6 © 
bushels per acre over spring plowing. From results in somewhat 
similar tests elsewhere double plowing does not seem justified unless 
necessary to control weeds. 

Judged by the results of this experiment from 1916 to 1921, inclu- 
sive, it is probable that under conditions similar to those at Nephi, 
Utah, cultivation other than that required to control weeds does not 
pay for the extra labor. 


TILLAGE FACTORS INFLUENCING YIELDS AND QUALITY OF WINTER WHEAT. 


It has been generally accepted without question that the chief 
purpose of the summer-fallow system is to save moisture for use by 
the crop during the next season. There are other effects of tillage, 
however, which have a very important bearing on production and 
should not be overlooked in considering the problem of the fallow. 

Indirectly, because of its influence on soil temperature, aeration, 
moisture location, etc., tillage has a very marked effect in promoting 
the activities of soil bacteria; and as a result of this activity and the 
direct effect of soil stirrmg and moisture additions the chemical 
make-up of the soil and consequently the availability of plant food 
are very materially altered by tillage. 

At Lind in the past four seasons and at Moro in the past two seasons 
the moisture studies of the summer-fallow tillage experiments were 
accompanied by soil studies of nitrate nitrogen, and while not yet 
conclusive these studies brought out certain interesting facts. It is 
not intended to present the data obtained from these studies in this 
bulletin, yet this phase of tillage effects is so important that it should 
at least be briefly considered. 

Each year there were differences in yield from different methods of 
fallow treatment, and the moisture studies show that these yield 
differences were not entirely attributable to moisture variations. In 
a season when rainfall is comparatively abundant, the entire soil body 
to the depth ordinarily reached by plant roots may be filled with 
moisture, and in such cases variations in yield can not be attributed 
to differences in moisture supply. The nitrate-nitrogen studies 
show, however, that early clean tillage, in particular, promotes the 
development of nitrate nitrogen in the soil and that after a year of 
fallow there are much larger supplies of this plant food in those soils 
receiving early clean tillage than in those plowed at a late date or on 
which weeds have been allowed to grow. In years of abundant 
moisture the yields very closely parallel the soil content of nitrate 
nitrogen, provided this available nitrogen is not removed by leaching 
during the winter following the year of fallow. 

Not only have there been differences in yield but also wide varia- 
tions in the habit and manner of plant growth and in the quality of 
the wheat produced on the different fallows. On the jute pee 
pee not previously cultivated to keep down weeds and which were 
ow in content of nitrate nitrogen at seeding time, the plants were a 
lighter green in color, tillered less, had fewer and smaller leaves, grew 
more slowly, and when mature usually had more slender culms than 
those plants grown on the early-plowed plats which were cultivated 
at frequent intervals during the fallow season and had a greater 
content of nitrate nitrogen in the soil. 
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Total straw growth has always been greater on the plats with 
higher nitrate content. At Moro on the June-plowed plats the ratio 
of grain to straw was about 1 to 1.5, while on the April-plowed plats 
the ratio of grain to straw was, on the average, about 1 to 2.5. Asa 
result of this greater straw growth, due to the fact that the heavier 
vegetation more quickly depletes soil moisture, there was a tendency 
during dry seasons for the crop to burn more readily on the early 
well-tilled plowing, and also a tendency for grain to be lower in 
bushel weight because of maturity being hastened. The smaller 
vegetative growth of the crop on the late-plowed or insufficiently 
cultivated fallow, on the other hand, did not so rapidly deplete soil 
moisture, the crop ripened more slowly during dry weather, and as a 
result produced larger, heavier grain. 

The quality of the grain produced varied not only in weight but 
alsoin composition. ‘That produced on the poor fallow, low in nitrate 
content, was large and plump with a Imgher percentage of yellow 
berry, while that produced on the well-tilled fallow, high in nitrate 
content, had a tendency to be somewhat lower in bushel weight, and 
even if of equal weight had a much smaller percentage of yellow-berry 
kernels. Analyses showed that the grain from the well-tilled fallow 
was higher in nitrogen content, and baking tests showed it to be ~ 
superior in baking quality to that from the poorer fallow. 

Considerable moisture is required in the fall to make conditions fit 
for germination in ground plowed dry or in that from which moisture 
has been removed by weeds growing on the summer fallow. Ground 
plowed early in the spring and properly cultivated during the fallow 
season will require materially less moisture to make a good seed bed. 
Much heavier seeding is required to secure a good stand of winter 
wheat on poorly prepared fallow than on that properly handled. 
Thinner stands on well-tilled early fallow are compensated by greater 
tillering, due to the more abundant supply of nitrate nitrogen. On 
the late-plowed or poorly tilled fallow thin stands generally will tend 
to reduce yields, because there is not enough available nitrogen to 
promote tillering. This latter statement, of course, applies only 
during seasons when moisture is not entirely the limiting factor. 

An abundant supply of nitrate nitrogen in the soil at the end of the 
year of fallow is a very important factor in securing a vigorous growth 
of winter wheat in the fall, and undoubtedly the plants growing on 
well-tilled summer fallow are much less liable to winterkill than those 
on more poorly tilled ground. 

Crop yields are the net result of the operation of all soil factors and 
are limited by one or another of these factors as it may be propor- 
tionately less favorable than the others. Under dry farming, 
moisture usually is the limiting factor, but the degree of its impor- 
tance in this respect varies considerably. Under extreme conditions 
moisture alone may determine crop yield, but as rainfall becomes more 
abundant it assumes a place second in importance to available plant 
food. Between these extremes there is every gradation in the relative 
_ importance of these two factors, this gradation extending even to 

individual localities and varying there with seasonal conditions from 
year to year. 

_ In the drier districts it may be necessary to think only of moisture 
in tillage operations, leaving the other factors to care for themselves, 
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but as conditions become more favorable and moisture is more 

abundant nitrate nitrogen in particular should receive increasing 

attention. 
HARROWING THE GROWING CROP. 


RESULTS AT MORO. 


Experiments to determine what effect the harrowing of winter 
wheat in the spring has on yield were carried on at Moro, Lind, and 
Nephi. This is a practice that has been quite widely followed by 
farmers in the West, but one on the value of which there has been 
considerable dispute. At Moro there were adjacent plats of winter 
wheat, one harrowed in the spring and the other not harrowed on 
land plowed for summer fallow on several dates and by different 
methods, as shown in Table 24. This experiment, therefore, was 
repeated nine times at Moro in each year since 1913. The yields 
shown in Table 24 are averages for nine years, 1913 to 1921, for the 
spring-plowed and summer-plowed plats and for eight years, 1914 to 
1921, for the fall-plowed plats. 


TABLE 24.—Average yields of Turkey winter wheat from plats harrowed in the spring and 
not harrowed, at Moro, Oreg., in the nine years, 1913 to 1921, inclusive, for the spring- 
plowed and summer-plowed and in the eight years, 1914 to 1921, inclusive, for the fall- 
plowed plats. 


_ Average yields per 
acre (bushels). 


Date and method of plowing. 


Har- | Not har- 
rowed. rowed. 


lowed eAprilél«(early Spring?) ses osse ce -eigee sotto Yam ects a thst arate ele eos 30. 1 
Biowed- May. (ate'sprimg)!.: Stes. Je. se reac oee ns soc se ee nese easels aes = 26.8 
lowed une: (early summer) a.6c5 5-5 eo hss Leste ase eo oe est eaaa, cee tor Cee 22.8 22.9 
Pelomeduml- Carly fall (ALY) coco oe.c obo cicim Sie ae ye cae detec ayers lots te eco ee en ee arate 28. 1 
Plowed in late fall (wet) 25.5 


IANVGEAROS SoS tos cas besa ER Ce ee nthe oe ini atote eh stoioe Mae ote Pe sin Milne ts Rese hai 4 26.6 27.6 


The results shown in Table 24 justify the conclusion that harrow- 
ing winter wheat in the spring at Moro decreases yields. The har- 
rowing was done at a time when it was thought it would do the most 
good and the least damage to the plants. The surface of the soil at 
Moro gets very hard in the spring and contains numerous shrinkage 
cracks. Harrowing apparently would put the land in better condition 
by creating a light mulch and closing the shrinkage cracks, but the 
yields have nearly always been decreased by the harrowing. Usually 
the stands were not appreciably reduced, but harrowing frequently 
set back the wheat so that it was two or three days later in heading 
and sometimes a day or two later in ripening than that not harrowed. 
This delayed maturity probably was caused by covering the wheat 
plants with small clods turned up by the harrow. Occasionally 
weeds in the grain can be killed by harrowing, but as a general rule 
the number of weeds that can be killed by spring harrowing of winter 
wheat is negligible. 


RESULTS AT LIND. 


At Lind during the period of these experiments fall conditions were 
so unfavorable that it was impossible to get winter wheat up and into 
the winter with a vigorous growth. As a result, in the spring all 


eis 
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plants were comparatively small and naturally were more easily torn 
out by the harrow in any spring cultivation. To meet this condition 
harrowing was done at varying periods, depending on the size of 
plants. Because of these factors it took time to develop experiments 
that are comparable, and while such experiments were conducted 
each year, results are presented for only the years 1919, 1920, and 
1921. Careful plant counts were made before and after each cultiva- 
tion to determine the effect of the cultivation on stands. The results 
are presented in Table 25. 

_ In these experiments the first harrowing was given in the spring 
immediately after the weather warmed up enough for work and at 
the time farmers ordinarily first harrow the crop. The second and 
third harrowings were given at 10-day intervals thereafter. The 
other treatments were given when the plants were at the stage of 
growth indicated. 

) The data lead to the conclusion that any cultivation of the crop 
_ before it reaches the stage when it is large enough to cover the ground 
_ is decidedly injurious to the stand, and even under the severe condi- 
tions of the period of these experiments, when thinner stands should 
have been at a comparatively greater advantage, thinning at this 
stage did not increase average yields. 


TaBLE 25.—Annual and average yields and percentage of loss in stand of Turkey winter 
wheat in a spring harrowing experiment at Lind, Wash., during the 3-year period from 
1919 to 1921, inclusive. 


Yields per acre and loss in stand. 


| 
Harrowing treatment. 1919 1920 1921 Average. 


=: | Stand : Stand : Stand | x. Stand 
aT Gl tank: ee] “eS Yield. ee Yield. | ta 


U. 2. ef. Bu. PEE Bu. Per 

Unharrowed (check).. ......._....-- 16 4) 23852 9.4 5.1 14.7 24.2 12. 4s 

Piarrowed ORPe. 2. > 12.8 23.7 9.5 27.2 14.3 20. 2 12.3 23.7 

eeerswedl GW 3 cB Bay 51.6 9.7 35.0 13.6 53.0 i hy ¢ 46.5 

Harrowed three times...............- 10.4| 62.9 LED 52.3 14.5 61.2 10.9 58.8 
_ Harrowed when covering the ground., 13.3 40.5 10.2 16.5 14.3 BPAY 12.6 29.9 
_ Harrowed when covering the ground 

and when 6 inches high............ 2 Bees 98 8.9 13-5 28.5 115 


RESULTS AT NEPHI. 


At Nephi only two plats were included in the experiments on har- 

_ rowing growing wheat. Both were plowed in the spring for fallow 
_ and cultivated normally during the fallow period. Harrowing was 

_ done on one of the plats when the grain was about 5 inches in height; 
the other was left uncultivated. The results are given in Table 26. 


TS 


Taste 26.—Annual and average yields of Turkey winter wheat, on plats harrowed in the 
spring and not harrowed at Nephi, Utah, during the 7-year period from 1909 to 1915, 
inclusive. 


Annual and average vields per acre (bushels). 
Treatment. 
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The results presented in Table 26 show that cultivation of growing 
wheat was not justified. 


RATE-AND-DATE-OF-SEEDING EXPERIMENTS. 


The time when wheat is sown and the rate at which it is sown may 
markedly influence yields. The time and rate of sowing wheat affect 
the stand obtained, the tillering of the plants, the quantity and length 
of straw, and the time of ripening. These also may be influenced by 
other factors, such as viability of the seed, method of seed treatment 
for bunt, condition of the seed bed, depth of sowing, winterkilling, soil 
moisture, and plant food in the soil. The reason for a thin stand 
frequently may be difficult to determine on account of the number 
of factors involved. A thin stand of wheat generally is not desirable. 
It gives weeds a better chance to grow and thereby may seriously 
reduce yields, or in the absence of weeds a thin stand may not produce 
enough plants or heads to obtain maximum yields. A stand also may 
be so thick that there will be msufficient moisture to enable the crop 
to mature properly. 

Rate and date of sowing experiments with both winter and spring 
wheat were carried on at the three stations, Moro, Lind, and Nephi. 
At each station the experiment was on fallowed ground, plowed early 
and kept free from weeds. 


RESULTS AT MORO. 


WINTER WHEAT. 


Experiments to determine the best rates and dates of sowing for Tur- 
key winter wheat were conducted at Moro, Oreg., during the six years 
from 1916 to 1921, inclusive. Rate of sowimg experiments were 
conducted also in 1914 and 1915. The date of sowing was not the 
same each year, varying according to the time at which moisture con- 
ditions were favorable to begin sowing. The earliest date was 
September 9 and the latest December 1. Five sowings, at about 
two-week intervals, were made in the fall of 1916, 1917, and 1921, and 
four sowings in the fall of 1918, 1919, and 1920. 

The quantity of seed sown, shown in Table 27 as pecks per acre, 
indicates where the drill was set and not the actual pounds of seed 
sown. All the seed was soaked in a standard formaldehyde solution 
for five minutes to kill bunt spores and allowed to dry about 24 hours 
before sowing. 

Turkey wheat increases in volume from 20 to 30 per cent after 
treatment. Treated seed does not run through the drill as readily as 
untreated seed. The actual number of pounds of seed sown was about 
one-fourth less than that indicated in Table 27. : 

Table 27 shows that there were rather wide variations each year 
in the yields of single plats sown at different rates or on different 
dates. Table 28 gives a summary of the yields obtained in these 
experiments with winter wheat at Moro, showing only the average 
acre yields obtained from each rate and date of sowing in the years 
1916 to 1921, inclusive. 

The two earliest average dates of sowing, September 17 and 
October 2, gave the highest average yields, as is shown in Tables 27 
and 28. The yields obtained from each of the three later sowings, 
October 14, October 30, and November 19, are significantly less than 
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those obtained from each of the two early sowings. ‘This is especially 
true of the two latest dates of sowing. 


TABLE 27.—Annual and average yields of Turkey winter wheat in rate-and-date-of-sowing 
experiments conducted at Moro, Oreg., during the 6-year period from 1916 to 1921, 
inclusive. 


Annual and average yields per acre (bushels). 


| Average | 
Rate ofseeding. date of 
sowing. 1916 1917 1918 | 1919 | 1920 | 1921 pie 
ae Sept.17| 330] 283 ay 0 ene Ae, 40.0 29.7 29.9 
- Se Oct. 2 48.3} 21.0 22.3) 33.0 35.0 46. 0 34.3 
=e Oct. 14, 49.8 $405 35.3 24.7 34.3 31.6 
7" eee Oct. 30) 23.3 13.3 16.3| 27.3 24.3 28.0 22.1 
“=i Nov. 19 21.6 16.0 Fe, Gre OE 6 Geet Oe, 53.0 19.4 
LT eee eee 35. 2 | 18. 5 18.1 31.8 31.0 | 32. 2 | 27.8 
SS ee Sept.17! 30.0 34.0 19.0 34.3 43. 44.3 | 34.1 
eer... Oct. 2 41.2 23.0 26.6 31.3 39.3 41.7 | 33.9 
eke Oct. 14, 44.0 oe Lee 38.3 29.0 37.3 | 32.5 
(ie Oct. 30 23.3 13.0 16.6 28.7 25.3 28.7 | 22.6 
a aes Noy.19| 22.3 17.0 are as ee: 23.6 | 20.1 
Average........ | Ee BA 32.2 20.1 19.9] 33.2 34.2| 35.1] 29.1 
— ee bee ote. i-093.7 35.3| 20.3 34.0] 40.7 42.0 | 32.7 
_ = Ot. 2|-- m6) 227 26.0 26.7 377 44.0 33.0 
7 2 =e Vi SE a ale ae oe re 23.7 26.0 43.7 32.1 
gee i Oct. 30/ 333] 137 19.0 533 | 22.0 7 25.5 
a Nov.19| 25.3 See} = 20.0 |0 9.20.2 :. besten 25.7 22.3 
(| ae 31.6 21.6 21.3 32.9 31.6) 37.4 | 29.5 
~ 2 es Sept. 17 93.3 38.3 17.3 36.7 49.3 42.3 34.5 
<= ee | Oct. 2 53.0 25.3 25.6 38.0 39.7 41.7 37.2 
= =a Oct. 14 28.3 ee 42.0 25.0| 39.7 31.1 
= Se eee Oct. 30 40.6 13.7 21.0 31.7 SL Ot *3k3 26.6 
20 Se ees Noy. 19 30.0 | 18.6 DEG sa ICN eae 25.3 23.9 
Average. .......}..2......- | 35.0 23.2 21.4 37.1] 33.8 36.1 |= oes 
i — aa eS — SSS Eee 
J. eee Sept. 17 31.3 | 34.3 | 22.0 | 36.0 | 42.3 | 37.7 33.9 
pemetunn so. | Oct. 2| - 25.6 6.7 mB 3iS 385 38.7 44.0 32.5 
[ oe a a? ie | eee 40.0 2.3! 36.3 30. 7 
_ ee Oct. 30} 40.0 14.0 27.0| 34.7 17.3 27.7 26. 8 
“=e Nov. 19} 30.6 20.3 eee eee 25.7 23.9 
ae ee b= =ser | = 27 23.3 36.3 31.2 34.2 29.9 
ereke so | Sept. 17 38.3) 26.3 ”.7|° 36.3 45.3 42.0 | 35.5 
Bieesenes | Oct. 2 1.31 27.0 27.7 39.3 40. 8 40.0 32.7 
|S ae Oct. 14 2S a 2 re 41.0 27.0 37.0 32. 1 
(= eee Geese ag | 145 26.6 32.7 22.3 31.3 28. 2 
1 ea Nov. 19} 263| 20.6 EG EAs) Te ae 25.7 24.0 
Average........ Jesaseneeee 36.5) 23571 > 25.6 37.3 33.9 35.2 | 30.9 
LT a | Sept. 17 33.0) 21.0 | 25.7 | 32.3 49.3 41.3 34.6 
Seeks | Oct. 2 Oe aT #. 20.7 33. 8 37.7 39.7 31.4 
Seis oe Oct. 14 aS Eee. 5 Tie ini— sues 29.3 39.3 33.1 
ee Oe | Oct. 30 | 43.0 | 14.0. 28.7 30.3 | 25.7 25.0 27.8 
a: a | Nov. 19 | 24.6 | 22.6 | ations 2 [eee ieee 26.3 23.5 
Average........ tae 32.1} 21.7 26.1 33.6} = 35.5 34.3 30.5 


SUMMARY OF TOTAL AND AVERAGE YIELDS PER ACRE. 


| Yields at all rates 


| of seeding (bushels). 
Average date of sowing. |————__——_—— 
6-year | 6-year 
| total. | average. 
ERED oh aie is. e Se ee ews FSO 1,411.3] 336 
I te edo ca arts ey SP ke ee tee 1,409. 2 | 33.6 
ann Re IN yer | tie Et ee 1,115.5 | 31.9 
SE SSR eee a ee Ph 1,076.8 | 25.6 
UI ene ne cee ce eB nen ene 627.6 22. 4 
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Figure 23 presents in graphic form the average yield obtained from 
all rates on each of the five dates. 


DATEL OF SOW/NG 
SLPT/7 GER ZL OCT. /F OC7 FO NOVI 


na RC le 
BMRB See ee 
BRERERR SESE sS 
BRRRSESE RES ac 
SR 

fee | Silo] Salas a 
BRR eee aes 
PS |e ee 
je) foal eS eee 
HERE EE ETERS 
(oBERSESS See 


Fic. 23.—Average acre yields of Turkey winter wheat sown at all rates from 2 to 8 pecks per acre on each 
of five successive dates, September 17 to November 19, in the 6-year period from 1916 to 1921, inclusive, 
at the Sherman County Branch Station, Moro, Oreg. 


BUSALLS 


2F 


TaBLE 28.—Average yields of Turkey winter wheat in the rate-and-date-of-seeding expert- 
ment at Moro, Oreg., during the 6-year period from 1916 to 1921, inclusive. 


Yields per acre (bushels). 


Rate of seeding. Average date of seeding. Average. 


Sept.17.| Oct.2. | Oct. 14. | Oct. 30. | Nov. 19.| Actual. | Net.t 


DEDOCKS 8 fee haas sss See oe ec 29.9 34.3 | 31.6 22.1 | 19.4 | 27.4 26.9 
+ iG). ee eee 34.1 33.9 32-0.) 2256.) 20.1 28.9 28.1 
Aone Seyi ee Se eee ee ee | 32.7 33. 0 32. 1 25.5 22.3 | 29.1 28.1 
Pies ey ee see a ens 4 ae 34.5 RY 3k. 1 26.6 23.9 | 30.7 29.4 
PREG Seo eee ak 33.9 32.5 30.7 26. 8 23.9 | 29.5 | 28.0 
(OS 2 ee eae a050 B25 32.1 28.2 24.0 | 30.5 28.7 
5) (AGES Se eee ee ae 34.6 31.4 ail 27.8 | 23.5 | 0b 28.1 

FAUKEBACH 2 2: Lose Pee ae 33.6 33.6 31.9 25.6 22.4 29.4 28. 2 


1 Average yiell, less the quantity sown. 


The time of emergence of the winter-wheat plants has not always 
borne a consistent relation to time of sowing. In the autumn of 1917 
rains came so late that the wheat sown on the first three dates emerged 
at the same time. In the other four years there was sufficient 
moisture in the soil so that emergence of the early-sown wheat oc- 
curred within 7 to 20 days after sowing. Late-sown winter wheat 
usually does not emerge for about a month, on account of the cooler 
weather prevailing. Sometimes the plants of the late-sown wheat 
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_ do not emerge until early spring. The dates of sowing, the dates of 
emergence, and the number of days from sowing to emergence are 
shown in Table 29. 


“TaBLe 29.—Dates of sowing, dates of emergence, and number of days from sowing 
~ to emergence of Turkey winter wheat sown on various dates at Moro, Oreg., during the 
8-year period from 1914 to 1921, inclusive. 


| 


Time | Time 
from from 
Date : | Date : 
: Sowing || Date sown. sowing 
Date sown emerged. Ppl 5 | te sown emerged. | ; = beers 8 
gence. || gence. 
Season of 1914: Days. Season of 1919: Days. 
RSet ea ro oe Geiss. 31 15 || SEs ee Feo do ee Sept. 16 7 
Season of 1915: Se ee eee Oct. 2 9 
_ a re Nov. 7 | 17 || rite en Nov. 5 26 
Season of 1916: GE ied So Oe BS ee Noy. 20 26 
2 Lee Sept. 25 7 || Season of 1920 
Jn = eee Oct: ¢17 15 DOD EiG 2-9! 932 Bees Sept. 25 9 
A Nov. 5 18 Sepiss0 3. se 7 Ye Oct. 16 17 
ye ee 9 x5) [2s BS: OGE Sia" ot a eas Nov. 22 38 
_ 32 eee Myer {os a5 5.5 EG Ao ee ee Se en es 6) a Pe 
Season of 1917: Season of 1921 
22, 2 ee eee Oct. 12 20 SepksS--—- <2 ss =-2.22.----.| Sept. 17 9 
Lesh Se eee eee Oct. 25 18 DONG: 22. 2h eg Oct. 1 8 
Lr tae 2 eee eee Wetter ee es Oct. 22 15 
_ I Te le eee yer Obie Fis) 2 Sn eee =_..| Dee Fs 4 
Oe ae ee Cyr eili-s2. eee INOWeSe2-22-425-5 eee sais (as pices eee 
Season of 1918: 
StL ee Se Dec. 17 | 81 
LT Lt Sa ee do -| 67 
Llp i. eee oe do | 42 
TS es a (4) [oeeceeeeee 


1 Did not emerge until spring. 


Table 30 shows the yields obtained by sowing Turkey winter 
wheat at rates varying from 2 to 8 pecks per acre, in the eight years, 
1914 to 1921, inclusive. Only one date of sowing is included for 


PECAHS PLP ACRE 
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Fic. 24.—Averaze actual acre yields and average net acre yields obtained from sowing Turkey winter wheat 
at different rates, varying from 2 to 8 pecks per acre, in the 8-year period from 1914 to 1921, inclusive, at 
the Sherman County Branch Station, Moro, Oreg. The net yields are the actual yields minus the 
quantity sown. 


1914 and 1915, but the yields for these years are averages obtained 
from duplicate tenth-acre plats. In the years 1916 to 1921, inclu- 
sive, the yields from each rate are averages of the three twentieth- 
acre plats used for the three earliest dates of sowing, as shown in 
Table 27. The results are summarized graphically in Figure 24. 
The average yields obtained from the different rates of sowing are 
remarkably similar, indicating that on well-cultivated summer- 
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fallowed ground the rate of sowing of winter wheat may not be an 
important factor in influencing yields. From the standpoint of 
the farmer, however, there is a considerable advantage in sowing 
the wheat thickly enough to insure good stands. A thin stand of 
wheat allows so much space for weeds to grow that yields may be 
reduced on that account. Thick sowing, therefore, has the advan- 
tage of suppressing weed growth. 


TABLE 30.—Annual and average yields of Turkey winter wheat in the rate-of-sowing 
experiments conducted at Moro, Oreg., in the 8-year period from 1914 to 1921, inclusive. 


Annual, total, and average yields per acre (bushels).1 


Rate of 
seeding. | Average. 
| 1914 | 1915 | 1916 | 1917 | 1918 | 1919 | 1920 | 1921 | Total. 
Actual.| Net. 
| | ; 
2peckseee=. bs B26 15.4 43.7 21.1 18.4 2848! 33.2 36.6 214.3 26.8 26. 3 
3 pecks..... 12.6] 15.0 38.4 23.6 20.7 34.6 SYell 41.1 220. 1 27.8 27.0 
4 pecks..... WA 1827 ap aat 25.4 21.8 32.8 34.8 AZ 2) \e2eono 27.9 26.9 
B Pecks* sce 13.3 19.5 34.9 28.0 21.3 | . 38.9 38.0 41.2 235.1 29.4 28.2 
6 pecks..... 16.4 20.0 28. 3 28.0 24.8 36. 8 35. 8 39.3 229. 4 28.7 Zis2 
7 pecks..... Wiedale “2053 29.9 26. 2 26.3 | 38.9 Stat 39.6 | 236.4 29.5 dake 
8 pecks..... Weed 20. 8 31.0 24.0 28.0; 34.8 | 38.8 40.1 235.0 29.4 27.0 


_ 1 For 1914 and 1915 the yields are averages obtained from duplicate tenth-acre plats. For 1916 to 1921, 
inclusive, the yields are averages obtained from the three twentieth-acre plats used for the three earliest 
dates of sowing each year. 


SPRING WHEAT. 

Experiments combining rates and dates of sowing have been con- 
ducted with Pacific Bluestem wheat at Moro in the seven years 1912 
to 1918, inclusive. This variety was sown early and late in the 
spring at rates varying from 2 to 8 pecks per acre. After 1918 only 
the early date was used. In 1919 this variety was sown at rates 
varying from 4 to 8 pecks, and in 1920 at rates from 5 to 8 pecks. 
The results of this experiment are shown in Table 31. 


TABLE 31.—Annual and average yields of Pacific Bluestem spring wheat at Moro, Oreg., 
sown early and late in the spring at rates varying from 2 to 8 pecks in part or all of the 
years 1912 to 1920, inclusive. 


Annual, total, and average yields per acre (bushels). 
Time and rate Average. 

of seeding. : = 

1912 | 1913 | 1914 | 1915 | 1916 | 1917 | 1918 | 1919 | 1920 /Total. 7 years,| 9 years, 

1912 to | 1912 to} Net. 
1918. 1920. 
2 | — mee 
Mar.| Mar.| Mar.| Mar.) Mar.| Apr.| Mar.| Mar.| Apr. Mar. 
Early spring: 95. | Bb) BOLE BBS oN SIL | — 5. 7h 19. a> BI oe 27. 

2 pecks'...... 4.0% 1850) ERO TSG 23520 Dees. ae Beene 112.6 TOS Aa eee 15.6 
3 pecks .~.... 858 1 LS: | L5s5M ABS6s 2353) Ths2) | Loata see Sales ee ee 114.6 16:-4))|segseeee 15.6 
AeECKS es. -- 13662122058 || l455)4) eb: 23-0) db. fa] aera) 2210 el ee 142.6 Lier eee eee 16.1 
o peeks<). =... - 12.57) 21.3 | AGS.) £752) 23.0) | 17.9) 18.0) | 2408 1836) a 18.2 19:0=). Liven 
6 pecks.-— ©. 10.5 | 18.3 | 16.3 | 20.6 | 19.3-} 18.1 | 18.0 | 22-9 | 16.7 |160. 7 17.3 17.9 | 16.4 
Mipecks* 22" 13.1 | 20.0 | 17.3 | 18.0 | 19.3 | 17.3 | 15.3 |°22.8 | 49.8 |162.9 17.2 18.1 16.3 
8 pecks...... 13.1 | 20.0 | 18.1.| 19.2 | 24.0 | 20.8 | 15.5 | 23.6 | 18.5 |172.8 18.7 19.2.) N72 

Apr.| Apr.| Apr.| Apr.| May | Apr.| Apr. Apr. 

Late spring: 96.| 96. | 16. | 16. | 1. | 28. | 92. 93. 
Zipecksiaee 7.8 | 10.5 | 13.7 | 10.4 | 18.8 | 14, foe a (odl SE Salts Ss ee 85.6 122 jeer eee TST 
SIPCCKS nce 15.5 | 10.0 | 11.7 | 10.4 | 2055 US case aos dll eee Pe ag 91.1 13. Ol See see 12.3 
4 pecks...... URS Tet “Seat MSA ASE Sel WG ree See |) La OPE 86.0 1232 Sees 11.3 
5 pecks. ..... 14508) es) |) 5.36) L005) 2246) | Asesalel 250s esa. S- 5 ee 85.3 LZ. 2 Sse SES 11.0 
6 pecks...... Pa eSeon|| oat. | Adee | 20! ool Lee ool kegel eee [dete 84.2 12: Ol | baceeecs 10.5 
a peckS2s-. 2 5s 1 MOR) ALO 12877 4 0250) Or zee pS Sees = 84.4 12. eee 10.4 
Specks a5. -2 1 15.5 | 13.1 Be th 1052) ONG) ES) UO a eee se ae eye 84.9 12 es ee 10.1 
| | 


| 
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On account of its earlier maturity early-sown spring grain usually 
outyields late-sown grain in the Columbia Basin district. Comparing 
the rates of sowing, it will be noted from Table 31 that the highest 
average net yield was obtained from the 5-peck sowing on the early 
_ date and from the 3-peck sowing on the late date. As with the winter 
_ wheat the difference in the yields obtained from the varying rates 
is not great except in the case of late sowing, where the thinner rates 
consistently give the higher yields. 


TABLE 32.—Annual and average yields of Marquis spring wheat sown at Moro, Oreg., at 
various rates per acre in the 5-year period from 1917 to 1921, inclusive. 


Annual, total, and average yields per acre (bushels). 


Rate of seeding. | Average. 
1917 1918 | 1919 1920 1921 | Total. 5 
| | Actual. Net. 

| 

| Apr. é. | Apr.i11.| Mar. 25.| Apr. 2. | Mar. 30. Apr. 8. 
_ Ee ee 16.0 14.9 | 18.7 18.6 20.3 | 88. 5 17.7 16.7 
| Sa ee | 18.7 | 18.2 | 18.9 16.5 19.7 | 92.0 18. 4 17.2 
eee 17.9 | 18.6 | 18.7 20. 0 20.3 95.5 19.1 17.6 
ee 21.6 | 18.6 | 20.0 17.8 18.9 | 96.9 19. 4 17.6 


In Table 32 data are given on a rate-of-sowing experiment with 
_ early-sown Marquis spring wheat for the years 1917 to 1921, inclusive. 
_ The results shown in the table are the yields obtained from single 

twentieth-acre plats each year. The results of the four years indicate 
a slight advantage from the heaviest rates used, viz, 7 and 8 pecks 
per acre. 


RESULTS AT LIND. 
WINTER WHEAT. 


Because of the very unfavorable fall conditions which prevailed at 
Lind experiments on rates and dates of seeding with winter wheat 
have been very unsatisfactory. The most that can be learned from 
} the date-of-seeding experiments is the comparative merits of seeding 
_ in the dry soil before rains and waiting until after the rains before 
seeding. Results of experiments on dates of seeding winter wheat 
are given in Table 33. 


TABLE 33.—Annual yields and stands of Turkey wheat sown at the rate of 60 pounds per 
acre in date-of-seeding experiments at Lind, Wash., during the 3-year period from 1919 to 
1921, inclusive. 


Stands (plants per acre) and yields per acre. 


Time of seeding. 1919 1920 1921 


7 1S eee 220,000; 15.8) 128,000 9.2 527,000 12.2 
a eee eee | 380, 000 16.9 164,000 9.8 776,000 11.2 
0.5 941,000 1.5 


The highest average yields were obtained from the early sowing. 
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Conditions varied so greatly from season to season that yearly data 
can not safely be averaged. In the fall of 1918 dry weather was 
continuous and conditions were so unfavorable that no seeding of any 
sort was attempted previous to October 1. Rains came about Ovto- 
ber 25, and second seedings were put in at this date, the late seedings 
being made on November 15. In 1919 fall conditions seemed some- 
what more favorable, and the earliest seedings were made on Sep- 
tember 15 and second and third seedings on October 15 and November 
15. The early promise did not materialize, however, and no rains 
in any quantity came before November 15. As a result of these 
unfavorable seasonal conditions emergence of both crops occurred in 
midwinter. In the fall of 1920, on the other hand, some rain came 
comparatively early, and while not of enough volume to promote the 
best growth and development the plants from the first seeding date 
made some growth before the others emerged. These light rains 
later largely evaporated, so that the later seedings also emerged 
during midwinter. 

Remembering that for the 1919 crop rains in quantity came at the 
time of the second seeding, for the 1920 crop at the time of the late 
(third) seeding, and for the 1921 crop with the first seeding, the data 
indicate that under very dry conditions nothing is gained by seeding 
in the dry soil before fall rains. This is the most that can be deduced 
from the results of these experiments. 

The data covering the rate of seeding are given in Table 34. 
Because of the same unfavorable conditions applying to the date-of- 
seeding results, the results on rate of seeding are equally unsatis- 
factory and the averages equally invalid. 


TasuieE 34.—Annual actual and net acre yields of Turkey winter wheat in rate-of-seeding 
experiments on various dates at Lind, Wash., during the 3-year period from 1919 to 
1921, inclusive. 


Actual] and net annual and average yields per acre (bushels). 
Time and rate of | 
seeding. 1919 1920 1921 Average.! 
Actual. Net. | Actual. | Net. | Actual. Net. Actual. Net. 
Early date: | 
DEDOCKS! 24a cask lel ert saa eee ee ie | 6.6 13.0 12:5 10.1 | 9.6 
BUDOCK Gis See Ae IEE en Se sae alee ae cree (Gia 6.7 12-1 11.3 9.8 9.0 
ASeCCKS2... 28. 22). BY 7 1274 9.7 | 8.7 122, 11.2 11.0 | 10.0 
DWP CCKS fc J Sees | SS ek pee ae ee ne 8.8 | (As 12.0 10.7 10.4 | 2 (Ort 
GSD ECKS ms tae 2 Ss kee a ee 9.8 | 8.3 11.0 9.5 10. 4 | 8.9 
DOCKS se. ks - hy ees ALAR. GG tee See 1053 8.5 1p Ra 10.3 AL 9.4 
SHOCCKS 22, yh. OT Tne ee |e es 10.5 | 8.5 115 9.5 11.0 | 9.0 
Middle date: 
PADECKS: nee e 14.7 14,2 9.1 | 8.6 11.8 bles 11.9 11.4 
OIDECKS.. ==. a= = 16.8 16.0 $.8 | 8.0 10.9 10. 1 12: 25) 11.4 
4-pecks:.-. 2. ..< 15.8 14,8 10.7 9.7 112 10. 2 12.6 11.6 
ONDECKS2 2 =~. 5 2 16.0 CRY ee 9.0 | Cae 10.5 9. 2 11.8 10.5 
OypecksEes.~ 2.225. 18.3 16.8 | 9.0 | aD 11.0 9.5 12.8 11.3 
NMEDCCKSt ee gto: 5. 14,7 13.0 | 8.7 | 7.0 10. 2 8.4 gh ee 9.5 
SHDECKS ese 222.4 | 15. 7 13. 7 | 8.8 6.8 10. 2 8.2 11.6 9.6 
Late date: | | 
DITIOCKSS tye soos, = 10.0 9.15" 7.0 6.5 11.0 10.5 9.3 8.8 
SeDOCKS See See 1252 11.4 | 9.3 | 8.5 11.4 10.6 11.0 10. 2 
Apecks Gite 2: 11.8 10.8 | 10.5 | 9.5 11.5 10.5 11.3 10.3 
HIDCCKS sc <i. oe 13.8 12750) 10.5 9.2 10.8 9.5 VOLE) 10. 4 
Gpecks: .<5.t< 5-3 13.3 11.8 | 10.8 9.3 10.5 9.0 11.5 10.0 
3 peckss..t =e 13.3 ia aye 1155 9.7 10.0 8.2 11.6 9.8 
S PeckS-a-4 ae se 14.0 12.0 | 10.1 8.1 10.0 8.0 11.4 9. 4 
| 


‘ Average yields from the 4-peck rate on early date of seeding are for two years only (1920 and 1921). 
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Yields are not uniform in their relation to rate of seeding in these 
_ experiments, other factors apparently having more bearing on results 
than the rate of seeding. Variations tend in both directions, yet 
center more or less around the 4-peck rate. The data do not con- 
_clusively point to any rate as best for any particular condition, but 
since farm practice is already based on the 4-peck rate of seeding the 
' experimental evidence at least does tend to confirm this practice. 


SPRING WHEAT. 


At Lind the experiments with spring wheat to determine the best 
rates and dates of seeding did not include the rate factor for any date 
other than the first. The date of first seeding in the spring was deter- 
mined entirely by seasonal conditions and durimg the experiments 
varied from March 12, in 1919, to April 3, in 1917. In any case the 
first seeding date was always the earliest date in the spring at which 
seeding could be done. The two later dates were at regular intervals 
of one month after the first. The results are given in Table 35. 


 TasiLE 35.—Annual and average yields of Early Baart spring wheat in date-of-seeding 
experiments at Lind, Wash., during the 5-year period from 1917 to 1921, inclusive. 


Annual and average yields per acre (bushels). 
Time of seeding. ; | 
1917 | 1918 1919 | 1920 -| 1921 Average. 
| | ) See 
oo: jo 9.4 6.6 10.4) 10.3 | 0.1, 9.1 
0 2 eS ee ee iva! Dee 10.0 9.9 | 8. 2 (ELE 
ae See PE eee ee 2.6 3.3 8.0 8.6 5.1 5,5 


These data point conclusively to the advantages of early seeding 

for spring wheat. 

_ The rate of seeding does not seem to be a particularly important 
factor so long as the rate is heavy enough to provide a stand capable 

of competing with weeds. The results of rate-of-seeding experiments 

with spring wheat are given in Table 36. 


TABLE 36.—Annual and average yields of Early Baart spring wheat in rate-of-seeding 
experiments at Lind, Wash., during the 5-year period from 1917 to 1921, inclusive. 


Annual and average net yields per acre (bushels). 


Rate of seeding. - _s | 


1917" + (1918 ~ |= 1919 Y |; +1920 1921 | Average. 

| 

| | | 
2. 5.2 6.8 | 7.0 9.6 3.0 | 6.3 
2 Oa a ee Ted 6.4 | 9.3 | 10.4 4.0 7.5 
TR ee TA eee 8.4 5.6 | 9.4 9.3 | S71 8.1 
eT SS eae eee 8.0 4,4 | 9.1 | 9.6 728 | (ae 
FE TE = a eee tat 5.0 9,1 | 8.1 | 8.0 | 7.8 
3 Se a i eee eee 7.6 3.6 | 9.3 | 7.8 | S37. 7.4 
Sa er ae eee 7.2 ae 9.8 | 7.2 8.5 | 7.2 


These data indicate that a rate of 4 pecks gives the best average 
net yield in the 5-year period, and considering the superior advan- 
tages of heavier stands in competing with weeds and wireworms a 
rate of 4 pecks or more probably is advisable. 
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RESULTS AT NEPHI. 


No experiments combining dates and rates of seeding were con- 
ducted at Nephi with either winter or spring wheat, but rate-of- 
seeding experiments were conducted during the years 1910 and 1911 
and 19138 to 1917, inclusive, and in 1919 to 1921, inclusive. 

The yields from these experiments are given in Table 37. Both 
Turkey and Kofod winter wheats were used, but only the results from 
Turkey are given. The experiment was not conducted in 1912, and 
the formaldehyde treatment or some physical injury to the grain in 
1918 caused a complete failure. From 1910 to 1916 single tenth-acre 
plats were used, and from 1917 to 1921 each rate was duplicated on 
twentieth-acre plats. The 7-peck and 8-peck sowings were added 
in 1917. 

It is evident from the data in Table 37 that as the rate of seeding 
was increased up to 6 pecks, the yields increased regularly. The 
7-peck and 8-peck sowings were not included a sufficient length of 
time for the results to be comparable with those from the lighter 
rates. A peculiar feature in respect to drought and stand occurred in 
1919. The season was one of the driest on record at Nephi, and yet 
the higher rates of seeding not only gave the largest yields, but dur- 
ing the whole summer the plants showed more vigor than plants on 
plats where seeding was at a lower rate. 


TaBLE 37.—Annual and average actual and net yields from Turkey winter wheat in 
rate-of-seeding experiments at Nephi, Utah, during the 9-year period from 1910 to 1921, 
inclusive. 


Yields per acre (bushels). 


Average. 
Rate of seeding. 


1910 | 1911 | 1913 | 1914 | 1915 | 1916 | 1917 | 1919 | 1920 | 1921 1910 | 1917 Net! 
to (0) 


1917 


to 

1921 | 1921 1921 
POEDOCKSH oe = eee seis 16.0 | 23.5 0 | 25.7 | 28.0 | 22.5 | 17.4 | 16.3 | 10.2 | 22.7 | 18.2 | 16.6| 16.1 
SaDOCK Ga eewe Ae, oe 19.3 | 21.3 | 2:7 | 32.8 | 30.8 | 20.2) 19.6 | A804 1527 127.5: || 20.8) |" 2022 a eone 
ASHOCKS 2. eS sae 19.3 |28.7.1. 3.0 | 38.7 | 34:5] 20.8 | 21.6°| 19:4 | 49:0'| 30:3 | 23.5 1 22;6r) egies 
ODPEOCKS) obese os See ORS oot 2:9 4452) 68723) \ 22. 10) 225352215 WAGED 873292650 je2on0. 23.7 
OH WOCKGeey ys sash eee 17.0 | 30.3. | 3.0 | 46.5 | 36.7 | 25.8 | 24.8 | 21.0] 20.3 | 40.3 | 26.6 | 26.6 | 25.1 
fipDOCK:Si tant Oa =r eee Se oe ag all oe eee | ome ORES 4 Ee 2653 | 2Zdeo MONO eas Zale 27.5 25.7 
(c) foyeTe) <a ante aera a | Rae mlb Any ah URN we tS Eine eee 2880 | 22505 902 Age 2eleae soe 28.3 26.3 


1 Quantity sown deducted from actual yield. 


DEPTH-OF-SEEDING EXPERIMENTS. 
RESULTS AT MORO. 


The stand of winter wheat may be greatly influenced by the depth 
of sowing. Better germination of winter wheat usually is obtained 
from shallow seeding, especially if the wheat is sown very late when 
the ground is cold. As it generally is desirable to have a compara- 
tively thick stand of winter wheat, farmers in the Columbia Basin 
section usually sow wheat from 14 to 3 inches deep. 

Experiments to determine the effect on yield of different depths of 
sowing winter wheat were conducted at Moro, Oreg., and Lind, Wash. 
In 1914 at Moro winter wheat was sown on August 26, before the 
autumn rains, 2 and 4 inches deep, in duplicate plats at 5 pecks per 
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acre, one plat being sown with seed treated with formaldehyde and 
the other plat with untreated seed. The experiment was repeated on 
September 9. On both dates of sowing an irregular stand was 
obtained on the plats sown 4 inches deep. On November 5 counts 
were made of plants emerged on representative areas on each plat, 
and the results obtained are shown in Table 38. 


TABLE 38.—Stand of plants per acre in depth-of-seeding experiments at Moro, Oreg., in 
1914 


| Depth of sowing. 


Time of seeding and treatment. | 
| Shallow. | Deep. 


Early sowing: | 
SPPL GPRS eee pe Re Ree ees 2 a ee ee ee ee eae 83, 000 37, 000 


SPELSLTy ATED PG pe es SSF ee ee ee | 180, 000 84, 000 
Late sowing: 

CMIPREEE TOUS Sos oN we Ries ti Se oo 2 oc cogs ceose las loes-den ence 104, 000 62, 000 

SLEL LEU? RRSP rE es ekg 0 5 Se ee 140, 000 120, 000 

ao PLE t ss se ede ape be Sa Ee en ee | 127,000 76, 000 


The average yield obtained from the shallow seeding was 17.3 
bushels per acre and from the deep seeding 14.9 bushels per acre. 
The yields, however, were somewhat influenced by weeds, which 
Se numerous in the thin irregular stand obtained from deep 
seeding. 

Table 39 shows the yields obtained from sowing winter wheat 2 
inches deep, 34 inches deep, and 5 inches deep in the four years 1917, 
1918, 1919, and 1921. Sowings were made in duplicate twentieth- 
acre plats each year. On account of favorable moisture and tem- 
perature conditions at the time of sowing, practically no difference 
was obtained in the stands from the three depths of sowing during 
any of the years. It will be noted from Table 39 that the average 
yields obtained from the three depths of sowing were practically 
identical, indicating that the depth of sowing probably has no influ- 
ence on the yield if uniform stands are obtained. 


TaBLe 39.—Annual, total, and average yields of Turkey winter wheat sown at three 
depths at Moro, Oreg., un the years 1917 to 1919, inclusive, and in 1921. 


Annual, total, and average yields per acre (bushels). 


Depth of seeding. SS SS SS SSS SSS 
| 1917 1918 | 1919 1921 | Total. | Average. 

Le | -+20.8 26.3/ 18.6 37.0 1027] 25 
Middeep, 3} inches..-.--......1.1......-.. | 220] 24.3 19.6 39.8| 105.7 26. 4 
Sebati et se ihe 24.7 20. 1 38.6} 105.6 26.4 
eee Pe | 65.0 75.3 56. 3.| -— 115.2) aie | 
2 Se eee ee 21nd Dal 19.4 BA ee 26.1 

| 


RESULTS AT LIND. 


WINTER WHEAT. 


At Lind, depth-of-seeding experiments were carried parallel to 
the rate-and-date-of-seeding experiments with both fall and spring 
wheats. Data for the depth-of-seeding experiment with winter wheat 
are given in Table 40. 


56 BULLETIN 1173, U. S. DEPARTMENT OF AGRICULTURE. 


In interpreting these data it must be borne in mind that. con- 
clusions based on them are applicable only to conditions similar to 
those prevailing during the period of these experiments. In the 
fall of 1918 and in 1919 the seed either remained dormant in the 
dry soil to be germinated at a later date or it was seeded at the 
later date under conditions where the soil, even at the shallow depth, 
remained moist after seeding. For such conditions the most shallow 
seeding was best. In the fall of 1920, on the other hand, there 
‘was some early moisture, followed later by dry weather. In this 
case the deeper seeding was best even on the early date. The 
best depth of seeding, therefore, must be determined by conditions. 


TABLE 40.—Annual yields and stands per acre of Turkey wheat sown on three different 
dates in a depth-of-seeding experiment at Lind, Wash., in.the years 1919 to 1921, 
inclusive. 


Stands (plants per acre) and yields per acre. 


1919 1920 1921 


Time and depth of seeding. 
Stand. | Bushels.| Stand. | Bushels.| Stand. | Bushels. 
ie er | | : Set 

Early date: 

IE T1a\ 6) GUE Se ae a ee ta ap ee Oe CaS OE | 220, 000 15.8 128, 000 9.2 624, 000 12.1 

Dpiriches. 2s. . 44a tet eee ee 122.000 13.7 | 76,000 6.5 | 756,000 11.9 

ponchos ee Ta eet ae 64, 000 9.0 53,000 5.0 | 819,000 12.2 
Midseason date: 

Winch =. oe. ee. we 380, 000 16.9 | 164,000 9.8 804,000 10.8 

Dinch es a8 ee Lier ae | 237,000 16.2| 93,000 7.0 | 844,000 11.7 

ABC Hesse ce tees bh kia luce 166, 000 12.6 | 83,000 6.1 | 751,000 LL. 
Late date: | : 

Lib aKel yee Se Ne sane me eld ia GS YS ee 8 eae ees 375, 000 13.9 180, 000 10.5 | 999,000 ileal 

Brimcics eos a eas Te 358, 000 12.6 | 135,000 9.9 | 901,000 10. 7 

UO! CLAV ES Seats alg gh SI a dh LR RR gy: | 289, 000 | 13.9 | 147,000 8.8 | 852,000 10.8 


> 
SPRING WHEAT. 


Conditions prevailing at the time spring wheat is sown differ 
somewhat from those found in the fall when winter wheat is seeded. 
In the spring the soil is moist, but if the season be dry it may tend 
to dry more or less rapidly from the surface downward. Data on 
depth-of-seeding experiments with spring wheat are given in Table 41. 


TaBLE 41.—Annual and average yields of Early Baart spring wheat in depth-of-seeding 
experiments at Lind, Wash., in the years 1917 to 1921, inclusive. 


Annual and average yields per acre (bushels). 


Depth of seeding. Se aT aa Tees 


1917, ep eAgi8 1919 1920 1921 | Average. 
SSS | 
ny Sr Cs | 9.4 | 5.3 9.7 9.6 7.8 8.4 
apogee |. oS ee ge 9.4 | 6.2 10.4 | 10.6 8.7 9.1 
ATTA OVES 5s es ee ce ene et 9.9 | 6.4 11.2 | 10.5 9.1 9.4 


These data are distinctly in favor of the deepest seeding. In a 
season when precipitation is comparatively abundant at the time of 
seeding, as in 1917, the most shallow seeding may be practically equal 
to that at the greater depths, but for the drier conditions, on the 
average, the deep seeding is preferable for spring wheat. 
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SPACING EXPERIMENTS. 
RESULTS AT MORO. 


Experiments to determine the effect on yield of sowing wheat in 
- rows spaced different distances apart were conducted at Moro with 
spring and with winter wheat. Table 42 shows the yields obtained 
from sowing Turkey winter wheat in rows 7 and 14 inches apart in 
the years 1917 to 1921, inclusive. Duplicate sowings on twentieth- 
acre plats were made in each of these years except 1919, when the 
experiment was repeated four times on twentieth-acre plats. Exactly 
the same quantity of seed was sown on each plat, the rows 14 inches 
apart having twice the quantity of seed per row as the rows 7 inches 
apart. Wheat sown thickly in the row usually emerges more quickly 
than wheat sown thinly. Thickly sown wheat also grows more 
rapidly when the plants are young. It will be noted from Table 42 
that the average acre yield obtained from the 14-inch spacing is 2.5 
bushels less than that obtained from the 7-inch spacing. This differ- 
ence in yield undoubtedly is significant and indicates that maximum 
yields of winter wheat can not be obtained by sowing in rows spaced 
as widely as 14 inches apart. 


TaBLe 42.—Annwal, total, and average yields of Turkey winter wheat when sown in rows 
7 inches and 14 inches apart at Moro, Oreg., in the 5-year period from 1917 to 1921, 
inclusive. 


Annual, total, and average yields per acre (bushels). 


Spacings. ; 7 | 
1917 | 1918 1919 1929 | 1921 Total. | Average. 

— H _ 
o 375) ee 2.0, 23.0] 30.7 26.0|  36.7| 136.4 27.3 
aaa | 18.5] 20.5) 26.7 23.7| 34.8) 124.2 24.8 


In 1916 and 1917 an experiment was conducted to determine the 
effect on yield of spring wheat and winter wheat of sowing in rows 
4,6, and 8 inches apart. In 1916 wheat was sown also in paired rows 
6 inches apart, with a 24-inch spacing between the adjacent pairs. 
The experiment was conducted on small plats, 8 feet wide and 33 feet 
long. Duplicate plats were sown at each of three rates of seeding, 
namely 4, 5, and 6 pecks per acre, on each of the four different 
spacings. An equal quantity of seed was sown in each of the four 

ifferent spacings in eachrate. The yields obtained in 1916 from each 
plat are shown in Table 43. 


TaBLeE 43.— Yields of Pacific Bluestem spring wheat when sown at three different rates 
and at four different distances between rows at Moro, Oreg., in 1916. 


Yields per plat (pounds). 


| Single rows. | Paired rows, | 6 
F inches apart, 24 
Rate of seeding. . inch spacing be- 
[ 4inch spacing. | 6-inch spacing. 8-inch spacing. | tween pairs. 

ba Eee] <i pga 
| Series 1. | Series 2. Series1. Series 2. | Series1. Series 2. Series 1. | Series 2. 

nea | Seis oi ee ETE f E, | 

r | 
a | 7.00 8.50 | 8.00 11.50 7.50 | 5.00 | 5. 25 4.00 
Bpecks....-......... 10.25} 10.50) 9.25) 10.50 9. 50 8.75 4.50 4.00 
ee 10. 00 14.00. | 9.50], -9.00 8.50 | 8.50 | 4. 50 4.50 
Average........ 9. 54 | 9. 62 7.96 4. 46 
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In 1917 this experiment was repeated, except that the wheat was 
sown 1n rows 4, 6, 8, and 12 inches apart and two varieties were used. 
The yields of grain of Kharkof and of Pacific Bluestem in pounds per 
plat are shown in Table 44. 

TABLE 44.— Yields of Kharkof winter wheat and Pacific Bluestem spring wheat when 


sown at three different rates and at four different distances between rows at Moro, Oreg., 
an 1917. 


| Yields per plat (pounds). 


\ apes eer of ginch spacing. | 6-inch spacing. | 8-inch spacing. 12-inch spacing. 
| r 
Series 1. | Series 2. | Series 1. | Series 2. | Series 1. | Series 2. | Series 1. | Series 2. 
Kharkof: 
A DECKS. 2% as ones ae 8.0 8.0 8.5 6.0 6.0 8.0 7.0 9.0 
Dp pecks.2 =. -2=..5- GO 8.0 | 7.0 7.0 | 5.0 6.5 7.0 6.0 
GxpeckS-5.-- bk. 6.0 9.0 5.0 8.0 | 4.0 8.5 5.0 6.5 
Average........ Tel 6.9 | 6.3 627 
Pacifie Bluestem: | | | 
4 pecks........--- 3.0 4.0 | 4.0 | 3.5 2.0 | 3.5 2.0 3.0: 
Rpecks. 0-26. = 4.0 4.5 | 3.5 | 4.5 | 3.5 4.0 3.0 4.0 
G@peckss 2 ee: 3.0 4.0) 4.5 | 4.0 3.5 4.5 2.0 4.0 
Average...... Gi 3.8 | 4.0 3.5 3.0 


In 1916 the highest yields were obtained from the 4-inch and 6-inch 
spacings with Pacific Bluestem wheat, as is shown in Table 43. In 
1917 shghtly higher yields of Kharkof wheat were obtained from the 
4-inch spacing, with the yields from the 6, 8, and 12 inch spacings 
Serenade identical, as is shown in Table 44. There also was not a 
wide variation in the yields obtained in 1917 from the Pacific Bluestem 
sown with the 4, 6, 8, and 12 inch spacings. The 12-inch spacing 
gave the lowest yield and the 6-inch spacing the highest, as is also 
shown in Table 44. 

SUMMARY. 


Wheat is one of the most important farm crops grown in Wash- 
ington, Oregon, Idaho, and Utah and is the only important commer- 
cial crop grown on their nonirrigated lands. Successful dry-farm 
wheat production in these States is based on alternate years of crop 
and clean fallow. 

Experiments to determine the effect of different tillage methods 
on the yield of wheat were begun at Nephi, Utah, in 1904, at Moro, 
Oreg., in 1911, and at Lind, Wash., in 1916, by the agricultural 
experiment stations of these States in cooperation with the United 
States Department of Agriculture. 

The altitude at Moro is 1,800 feet, and the soil type is silt loam. 
The altitude at Lind is 1,600 feet and the soil a fine sandy loam. 
The altitude at Nephi is nearly 6,000 feet and the soil a heavy clay 
loam. 

The average annual precipitation at Moro is 11.52 inches; at Lind, 
7.22 inches; and at Nephi, 13.27 inches. 

The average evaporation from a free water surface at Moro in the 
7-month period, April to October, inclusive, was 44.88 inches; at 
Nephi, 48.37 inches. No evaporation records were kept at Lind, but 
other weather data indicate that the evaporation is as great as if not 
ereater than at Moro. . 
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The average frost-free period at Moro is 145 days; at Lind, 136 
_ days; and at Nephi, 111 days. 

The fall disking of stubble land plowed early in the spring for 
fallow decreased winter wheat yields at Moro, Lind, and Nephi. 
Disking stubble Jand in the spring before plowing increased yields 
at Moro and at Lind when the plowing was done as late as June 1, 
_ but did not increase yields when the plowing was completed by May 1. 
- Yields of winter wheat after fall-plowed fallow when the stubble was 
burned and when different quantities of stubble were turned under 
- were identical in a 6-year period at Nephi. 

Early spring plowing gave the highest yields of winter wheat at 
Moro. The average yields of eight tenth-acre plats plowed at dif- 
ferent times were: 


Setcemeons 
i — 


nt tee 


Bushels per acre. 


‘f pememuauranecertiy (ety) - ce 5 £52 hee ede ees = ee shee 27.5 
MErnnINeD PE CWEL) none) kD SS Se ns 2s Age ee be 20k 
cero powiio {pr Lyi 2. ee. 2 2 eee eee eee 30. 0 
ie ease pia wie (May Lj.) 22 2025 lil iste eee. 28. 2 
. Mama aaitiiner plowie (J une 1)2- 222 3-2 s ost 2.2). kee eee 24. 6 


The average yields of spring and winter wheat in a 4-year period 


_ at Lind were: 
Bushels per acre. 
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The average yields of Turkey winter wheat at Nephi, for a 6-year 


_ period from 1916 to 1921, inclusive, were: 
Bushels per acre. 
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In depth-of-plowing experiments at Moro in the nine years, 1912 
and 1914 to 1921, inclusive, the average acre yield of eight tenth- 
acre plats of spring wheat and winter wheat plowed early in the 
spring 5 inches deep was 20.4 bushels, and the average yield of eight 
_ tenth-acre plats plowed on the same dates 10 inches deep was 21.3 
» bushels per acre. 3 
_ In depth-of-plowing experiments at Lind for the years 1918 to 1921, 
inclusive, the yields from 4-inch dry fall plowing were higher than 
from 6-inch dry fall plowing. On wet fall plowing the yields ob- 
tained from plowing 4 inches and 6 inches deep were identical. 
_ On early spring plowing (March) slightly higher yields were ob- 
_ tained from plowing 8 inches deep. On plowing done in April and 
June the yields obtained from plowing 4, 6, and 8 inches deep were 
_ practically identical. 
At Nephi the average yield of winter wheat in the 10 years between 
1910 and 1921 on land plowed 10 inches deep was 1 bushel per acre 
a than that obtained on land plowed 5 inches deep. The yields 
rom 10-inch plowing were as good as the yields obtained from subsoil- 
_ ing15to18inchesdeep. Plowing in the fall and replowingin thespring 
_ did not increase winter-wheat yields over those from one plowing. 
| Packing land with surface or subsurface packers after plowing at 
_ Moro did not significantly increase the yields of winter or spring 
_ wheat. On land plowed early in the spring slightly higher yields 
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were obtained at Lind during a 4-year period on land packed with a 
packer. On land plowed in April the yields at Lind also have slightly 
favored the plats packed after plowing, while on June-plowed plats 
the reverse was true. 

Frequent cultivation of the summer fallow at Moro resulted in 
higher average yields of winter wheat on fall-plowed land or on land 
plowed April 1 and May 1 than no cultivation of the fallow or one 
harrowing only. Where plowing was done as late as June 1 culti- 
vation of the summer fallow did not increase wheat yields. At Lind 
there were only slight differences in the yields from the summer 
fallow receiving immediate tillage as compared with delayed tillage. 
At Nephi more cultivation than that necessary to control weeds did 
not prove profitable on the average. 

Soil moisture and nitrate studies at Moro and Lind indicate that 
tillage practices have an important bearmg on the accumulation of 
nitrate nitrogen in the soil. The quantity of nitrate nitrogen in the 
soil greatly influences the habit of growth of winter and spring wheat 
and the chemical composition of the wheat kernel. 

Experiments to determine the effect on yield of harrowing winter 
wheat in the spring show that on the average this practice reduced 
yields at Moro and at Lind. At Nephi it did not have any effect on 
the average yield of winter wheat. 

In the date-of-sowing experiments with winter wheat at Moro in 
the years 1916 to 1921, inclusive, shghtly higher yields were obtained 
from sowing winter wheat about the middle of September or carly 
in October than on later dates. Yields of winter wheat were signifi- 
cantly decreased when it was sown as late as November 1. The most 
profitable rate of sowing winter wheat at Moro was with the drill set 
to sow 5 pecks per acre of treated seed, or approximately 1 bushel per 
acre of dry seed. With spring wheat the highest yields were obtained 
at Moro from sowing early in the spring at the rate of 5 pecks per acre. 

At Lind slightly higher yields were obtained from winter wheat 
sown early than from wheat sown midlate or late in the fall. No 
advantage, however, was found in sowing wheat in dry soil. Experi- 
ments to determine the best rate of sowing winter and spring wheats 
at Lind indicate that the most profitable rate for either is about 4 
pecks per acre. Higher yields of spring wheat were obtained at Lind 
from early sowing. 

In the rate-of-sowing experiments with winter wheat at Nephi the 
highest average yields were obtained by sowing at the rate of 6 pecks 
per acre when that was the highest rate used, and from 8 pecks per 
acre after that rate was added. | 

In an experiment to determine the effect on yield of sowing winter 
wheat at different depths, no significant difference was obtained at — 
Moro during a 4-year period from wheat sown 2, 34, and 5 inches © 
deep. The depth of sowing winter wheat had an important influence 
on stand, especially when the wheat was sown late. At Lind there 
was an advantage from the shallow seeding of winter wheat. Sowing 
spring wheat at a depth of 4 inches gave slightly higher yields at Lind 
than sowing 1 and 24 inches deep. 

In a spacing experiment at Moro the same quantity of winter wheat 
sown in rows 7 inches apart produced higher acre yields than when 
sown in rows 14 inches apart. 


C) 


SS a > COREE. EL a 


a 


